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(54) SEMICONDUCTOR NONVOLATILE STORAGE DEVICE AND ITS MANUFACTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a 
semiconductor nonvolatile storage device, which is 
enhanced in the quality and uses an ] cell suitable to 
an increase in an integration, and a method of 
manufacturing the device. 

SOLUTION: A semiconductor nonvolatile storage 
device is manufactured into a constitution, wherein 
the device has a memory transistor having a 
semiconductor substrate 10 having channel formation 
regions, element isolation insulating films 24a buried in 
grooves formed in the substrate so as to element- 
isolate channel formation regions, tunnel insulating 
films 20a formed on the upper layers of the channel 
formation regions, floating gates 33a, which are 
formed on the upper layers of the films 20a and 
respectively have at least the opposed two end parts 
formed higher than that between these end parts, 
intermediate insulating films 25a formed in such a way 
as to cover the whole surfaces of the gates 33a, 
control gates 31 formed on the upper layers of the films 25a and source and drain regions 13 
and 1 3' formed in connection with the channel formation regions. 
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-> u :i >K * j^j«r IS t . 

'PU < t =6 Wg2« 1 <D*6SK*5 J:l/SfrlS*«SS -> U 3 > 
#I^A-> U =1 >igffi!lSlcm 2 (Di^gl:|g$f^e£-r'i>XS 

fi£r^)XSt, 20 
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-> U n >KS:JeJS)cr -SIS t . 

wsB^iKiii^u 3 >Bi±iwm 1 o*feSK*jgfiic-r-5xa 
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ii^;^t < thmtZW. 1 oiteSiK*3 J;t^fitiSB^«SS -> 'J n > 
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5/ K8?€:J^f£-r*XSt. 

*i^s->'j -3 ymmmz'm 2 (DjeMtasrj^fitt-'&is 

fe, {5in75^-:^0:^?£$:fflViT«fl8B4^^ft:SS*X>>5^ 
>i^b, S(IIBX->5^>i^fC±0}gfiE$n-5)«{B!ia(DJ:e5 

IB^ 2 <Di^m.mt<D^mi^m^ 0 ^^:'j-t;K^9"r ^^^w 

gB1gilB(0Si[iS;&&. 

■rSS i O2 KT^-SC:<i:^*#Sii-r^>iS*3B5JCtB« 
[«*«7} ISiBm 2 05*feiaK«. »IB*i^gSv''Jn> 

mmzm^-^ntzm\zmtb'^^ntz.mi-i>i^mmmiL. 
Wi%zyu-y->( >{fy-v^±mz^m\^xm^-&ntt 

WIB+FB^if6^K<D±Stc}g^$nfca > h D-;uy- h 
BtlB5'-^^-;i'JKfi£m^fc}gS^LTJgB£$n;tV-X • H 
<^7»l61£SBttSB. 

g|$nTJgfiJt$nTl.iSH!*JS 8 BB«0¥S«i:Tlf ^tt 
IBttSB. 
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rmt^m i y d-t^^ >ify- h tmmri> i 2 

ms.f^iya-7->f >{fy-hi3j;:Um2yn-y'^ > 

- let. 

i£: ^ifef XS S e) IC ^ L , 

H5iB^2 7D— 7^^• >i/y- hSrJBfiK-rSXglCiJtiT 
fi. WIB^Tp^^SIJfe^KroiBdMEtWiBmi 7n-7"^ 

[w*^ 1 3 ] 2 7 D-T^-^ >i'y- h trmfSL-r 

X±m\zW,2ya-=T'< >i/^- hffl®S:Jg^-r^XS 
t. gteiaW©fl!lSS€:tt«-r*8B»<&«UT«tffim2 

JSl 2IB«C5^S«:T»^ttfB1tgSOSjfi7?ffi. 

•sxg©^, mz'pfi^fitmm.^m^-t^T.is.(Dmz. m 

IB^ 1 *3 J;U:^ 2 7 P— >^y- h LTX 5^ 
>i^il^lt^^-r.5X-;/^>iftrckO, m(HB»2 7P- 

^$-±ffiA->e>X-y5^>i/bTfifllBm2 7P— T-i' >if¥ 
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1 2 gBft(0¥ai^^l«^1£iB«^SOSjg;)&^. 
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^titzm.^tmmm=?-i>immm^m.tbTi,hji:±m\zt^mi 
^^m^n>xmii. m^-^xipm^^v-m^i^iyu 

XHiSr^triS^fll 2 gB«CD¥^ft:^»^ttlBtiSS 

6] S3IB^^5^lllffl«*}gfiJEf -5X8©^. 
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[0 0 0 1] 

U-fe;V**-r-5¥Ji#TW5gttlBtSgS43J:t;:-?-roMig 
[0 0 0 23 

7P-7-vf y^*f- hSlMOS h7>>'7>^'05:f}f^tt 
^fJ-fe^PSffllifcEPROM (E r a s ab 1 e P 
rogrammable Read-Only Mem 
o r y) , EEPROM (E 1 e c t r i c a 1 1 y 
Erasable Programmable Re a 
d-Only Memory) , EEP ROMCD— "^T? 
-}grS^^^£S-5. 7^-i'>'i3L>t^'J (Flash M 
emory) ^*<ffi^^CB8^^n, *ffl<b=bfct$tlTVi 

30 [0 0 0 33 ±iEb;t7 7<>v'a.;>t^:';{C»l, NORH 
77y->i;<^'J <i:NANDl!7 7 sz-^a.^^ "J*i* 
0. e®7P— r-<>i»^y-ha!MOS h7> 
v*;^ ^' 7 ^ y ^ ^: 'J <^— 3 C0;>^ t "J •t;|/<i:f -5 1) 

iB fi L N A N D -fe O ro#fir-t ;p t ^ o T l» -5 

::cD*||fiNANDS77y 'J«. N 

ORS!7 7-;/>'3.pt^:'JJCtt'^T. 7>yA7i7-trXii 

« iS««{t^BfiLAc7 7>v->i^^:'Ji:LT. ifi¥ 

[0 0 0 4] ±.%i<r)yu-7-'<>if*f-vm<r>^m^^ 

»5!14IB1gSig©-fi»|O»r®0^Ell 4tC^-r. 

2 0 a*iJg^$nT*3D. ^©±^tc«ajAti7t^ 
U>''Ja>A^<Dnc-67P-5^-f>i^y-h3 0 htm^ 
$tlT*50. S 6JC-€-©±BlC^J^«ONOK (^{bl^ 
50 -S<bim-S[^M(DffiJgi|gi»M} :6)&;^'&4>rB^«&»l^2 
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5 a*<JgEE$*lTH-5. *ra«6&lR2 5 a ©±JBJc«. 

mpiii-^^ u -> 'J zi >(DTffl?3 > h p— h 3 1 a t 
jgfiE^nTV^^. a> hD-;i/y- h 3 1 (Dja^ffid 
h3 1 i: 0+®5"i'4.;Hgfi£^«©rBHC, 

. «egiKicffis$nfe7D-x^>yy-h3 ob«:#t- 

[0 0 0 5] ±SB©SljiS:Wr-5>7P-7^-r ^i^y- h 

-x-<>i^y-h3 ob«f»cESi;iiJi>5Siiji£»o. a 

> hn-;i'y- h 3 1 , ¥^*tSfii 0*-5ii«y-;^ 

i;. y- l-«g^^2 0 aS:iiLT¥ai#SS 1 0*>^7 

>yy- h3 0 b'Nm?^*5aA$n. ^.s^^ii 

[0 0 0 6] ±iecOJ:5lC7P-x-< >^y- h 3 0 b 

S^YtilciOx-^'<DlBlt7itpIggi/j:S. 7P- 
X-f >^'y- 1-3 0 b'1'tcm^«:#«-r-5CtTx-^' 
W?H^S:ffV». S/t, 7P— >i^y- h 3 0 biftC 

[0 0 0 7] Ud^L/Jd^e), ±gBOSE3fc©7P-7--<> 

i^y- h 3 0 b tmT^si^mm2 4 a tro-g-t«-&s^i§ 

IC J; -5 m^^^gf ifeig^]^«>'t-X f- -S d t €) 

jr^5^8Hs**je: < 0 . »ums.ifii&Tri> t v» 5 pais 
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[0 0 0 8] ±gE<oray,«*«fft-r-5>i:«e>lC, 3S^»i« 

Wlcj^fiE-r-SS A-ST I (Self-Aligned Shallow Tre 
nchlsolation ) -b;l'eijiSr*-r-&7 p-t^-c >i^y— 
M!<Di|i^{<E^»»ttgeiSSB*<H^$nfc (I EDM 
Tech. Dig. 1 9 9 4. pp61~64# 
. &.T\Z, fiSJtLTS A-ST I •fe;U«liiSrWr-& 
N A N Dl!0^1i^«:^»^tt821tSBJCOlJTIttgg-r 

015 (a) «-?-o¥ffiiaTab«>. hu>^m(om 

tt^^i, 7-Ki^<i:^i-5a>hP-;i.y-hCGi:di 

^m-r^mmzis{,^x. 3>hp-;i,y-hcGi->'j 



6 

$n;5:7P-5"^' >5^y- hFG*«^p£$nTliS, * 
fz. 3> hn-^py- ^CG<^>^ffl9SBcoS«t^'^cliy— 
.x • KU-f >t£»SSD*<Jgfi£$nTt»^). a>hP- 

;i^y-hCG<i:iii^fl:sei o+ro5=-i'^;nBfifc®«© 

PBUC^ig^KtCftS$n?t:7P-7^W >yy— hFGSrW 
T ^mi^Sam h 7 > v^;^ rS' -5 y ^: "J h 5 > ->*7. M 

■5. NAND^JO-:*(0^SgJCli, ^KNAND^i$-ig 

*50. ^•©HU'f >ffi»SJif<;/ hP>:^i7 ^BC^:;^ 

[0009] 01 5 (a) «¥®Elr;5^-r¥^ft:^}f ^ 
ttfBISSfiW^ffilHlKSSrE 1 5 (b) fC^-r. P^^'J 
h7>v';^^' (MTla. MT2a. MT3a, • • 

•) i)mmzmm^tixNAfiD^i^m0iv. *nan 
©h'u-f >t£»H«tfy hBCa^^uxe 

•> hISBL a(C«^LTti^>. N AND3?l)C!D^1&:J^ro^SfflJ 
0. ■€-©V-.Xffi»Sf4i'jy-7.^S a^^bT^V- 
h7>v'7>iS'STa* tC<t 0«J?pI^Ji^^U h7>-:^ 
7.;?MTla' nt<»:*^^fllfi£$n-2)SiJ®NAND3?iJt)S 
^UTli?.. — pl^U (MTlb. M 

30 T2b, MT3b, • • •) fc^Acit^nji-gggsnTN 
ANDyiJS:«J*U. 2|s:NAND^Jro— T^COj^ggtCrt, ^ 
KNANDJ>J€-S«-r*fc«e)©S«MOS h7>v»X5' 
STb*lJBfiE$nT*3 0. iE-WKU-f >a£»«f4t:-> h 
a>^i7 hBC b$■:^^LTt•>v h^BL blCjggg^n. 
N A N D3njCDfa;&©SSai(Cj^fi£$nT0^ bntViStRM 
OS Vy>'^7.9<n'J--^m.%M\tm'J-7.1I^Shi:it 

[0 0 10] ±IBCO#^(!^:Tcai^ttfB«^S©0 1 5 
(a) ^OA-A' »C*3lt.5WSSS-El 6 (a) tc. 
40 B-B' (c*5»t-5»iS0$Bl 6 (b) \Zm^. 016 
(a) »C^-rj;^lc. M'>f^S!©5^^^*g|J6i^a2 4 
alCJ;O^Jlll$nfci}i^fl:S«l 0CDflH4®«±lC. «sj 
^«?fK<DgEfl;->U:3>*»6.;i5.y- hitei&K (h>* 

j}tiJ->iJp>A^e;5c-5 7P— 5^^'>ify— h3 0 b*<J^ 

2 5 aA«JgE£$nTt»-5. ^'FB^ife^a2 5 aO±®*tt 
50 h (7-K«) 3 IdiJgJSE^nrii^.. 016 
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(b) (r^TJ:-5Jc, 3>hQ-;uy— h3 ICDPSfflOSB 
1 O't'lcrtV-;^ • K l^-r >t£«B 1 3 ;>t 

[0 0 1 1 ] ±tB(73 N AND 7. > Cf(7i-^<r>^mz 
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i^'^rffifiET -5 ^ ^: 'J h 7 > HCaj A K{b -> 'J 3 > 

[0 0 12] ±§^(D^^mi$Tmmmmms\zi5\,^x. 
mi 6 (a) jc^-rj::5»c. mf-^mmmt^^ ^jv^ 

t>«0-5 hU'>5^^^^Jgt (SA-STI) ffiTJB)EiK^5n 
fc*>®T*-5. Sfc, 016 (a) »C^-r ck^>lC. 

^ms&Bm 24 a (Dmmt^-y u-j-a >yy- h 3 o b 

xw- h 3 0 bic>t*tP]-r-5ii> hD-;wy- h 3 
\<r>mmfi. 7D-7^>f >i/y-h3 0 b©fflisssc5t5 

(0 0 131 ±^LfcSA-ST I-tJPS'iSK-xIf'f > 
;K^fk/MjOI^Jt (Minimum Feature Size) FTI9: 
IfT-Si;. ±^L;tS A-ST I -b;uo/^'j-fe;KD® 
fSZlS. 015 (a) \Z^r^o\Z. Sii6<)^cg/hSa 
T*)*, Z = 4 F2 TSttT'l?-5. S!oT, SA-ST 
1 ■fe;U«lig«:fllV». SSICSSfttt^blw^fiJ^cNANDS! 

[0014]— i7;*--^5i'P>SS(Dg/hfiPlTf 



7 D - X -c> h t :d > h n -^Wir*— h pgo^fiie 
-& it « ti sd ic ^ -r ^ « fii E « * ig sn s -B- -5 c: t tJs T # 

^^'y- McH'rMomfi$-#A-5;t«i>OD > hP-^uy- 
hwmEEHH^.I'S, :7P— 5=--<>i^y— hin> hP 

[0 0 15] dClT. ±^Bb>5:<f|*iE©. SA-ST I -fe 
10 Jl'«rffltr»fcNANDS!7 7->>'3.^^UT&'5. ¥31(4: 
T»%tt8S1t^S0Sii:^ft«:, 0 1 7 *5 J:u:bi i s * 
#SSLTIJil^-r-5>. St*. 017 (a) \Z^.t^O\Z. 
N A N Dl?7 ^ -y ->3. ^: U ^: U -fc;PBBt ^iaiHlgS 
g|5^ i: KT -5 /i * © P SJ<0 "5 X ;P^*i}gfiE 3 nx 
•5iii^(*«ffil OSMJC. «»IA«f»K<fcfeS:ffl(r»X. 7 
P-7^-< >i^y-h^MOS h5>i?:^^'CD h>:^;Ui^ 

ftKxdb-5y-n^^K2 o^jgEer-s. fisi^ 

««ECVD (Chenical Vapor Deposition ) W^\z^ 

20 -x^- ^iT'y- hfflga 0 ^-pbeu. $ 6fc-t©±)nc 
x^ 1 (r>mm 2 1 S:jg*ft-r«.. 

[0 0 16] 'A\Z, mi 7 (b) H^-rJ:'5JC. 7* h 
U Vi/7 7^-JS^S:fflt»X. ^1 ©*6&K2 l/7P- 
x-C>i'y-l-fflS3 o/y-h«fi»K2 o s/"?^-- 

>^'LX. 9^^»llit«IJa©^l ro*6g:M2 1/7P-X 
>yy-hfflH3 0/y-h*6iiiK2 0<£^*L, igE 
l^X/'^:5'-^>i/$nfcmi »J&i^^2 1 a/7P-x 

^ >ify- hmm 3 0 a/y- h«&»is 20a ?&v;^i7 

30 t L-X, ^t^aiftSffi 1 Og®S-X->g^>:^L. hU>5^ 

(^J^tfflSSrfrlri, i^liXy- hi^ltK2 0 aCDX 

F^lllcSE<t->'Jn>A»6,;i2)^^^^lltfflffifeaiKl 2?& 

hfflS 3 0 aOfflHigfcgtfb^n. K{b->'J:3>CD7P- 
X^ >i^y- h&SK2 6*«?^fiKSn^. ^tC, -f:t-> 
aAte*ffl^i. «A«3Hp> (B) :S->*-f :i->ttA 
40 tX. ^T^^«tffl»!TOlSS8tC^r*;i'fflJhlil iSrJ^ 
fiE-r^). 

(0 0 1 7] 01 7 (c) H^TJ;p{c. CajAtf 
MUCVDfeHtci.O. m 1 roJ6MS:K 2 1 a . 7 0-x 

^ >i^y- i-ffl^3 0 a immvTm'f-^mmmTtrm. 
^i)>i^x±B^cS[^b>'Un>$*Si^F•^^■x, ^^^i-gi^ 

Ji2 4«^J^J5E-r-5. 

[0 0 18] 'AlZ. 018 (d) tCS^-Tcfc^lC. ^J;itf 
RIE (S^t^^4'f :t>X-;/5^>i^) ;ii*<0X>;/5^>i^lc 

so y- hiBiB 3 0a (Dmmo^^msLOi^mttji^ 
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-5^-< >yy- hmms o acDa!iffio-«fej:c;±Mo 
«®*«®iii-r*. j^cic, mi8 (e) ic:^-r±piw. 7 

'tonok (siitm-^itm-mtm(oiim^^mm) *^ 

- 7* h 'J Vi^7 7^■^£^fiS:ffl^»T, S A - S T I "t 
;a-5>T{B!l:3>hn-;uy-h3 l atiiiZfi' >if7.y^> 

vij-y-^f h'co±ffl!ia> hP-;i'y- h 3 1 bA^e.^c-sii^ 

>if^-Vmm3 0 ai5j;C/>t'PBl^&^*Xy?> 

yu, /^^->jjoi^fn>t7a— r-^ >yy- h3 0 b 
isit^+raieiekK 25a t-r*. 

[0 0 1 93 ^<Dmt^ S*?MOS h5>vX^'BB<Dy 

^fejc: J: 0 N ANDSI7 7 v'ijjl^r'jO^iaisIKgSODM 
OS h7>v'7.:5'S:Jg^L. S 'E)tlWAtiC VDffilC J; 
0ffi{b->'Ja>(D@fB^ffiiiK2 8«:Jg^L. fiSJAtfS^? 

h*:-;UBC<DB8P. «i?)i2i^ffi® 3 4 i3 J;Z/f-;/ MS 

v^um><nmm.m^'i7-DX. 01 6 (a) ic:^-ri5nc 

SA-ST I-fe;>€-fflt»itNANDa!75-;/V3..;>t^ U 
tr-S. 1316 (a) 018 (e) »C5^LT3b-5lt 

[0 0 2 0} 

SA-ST lizjimj&^^-r^ya-T-^ >iff- vm 
<ST-r ^ . * ^ J4iiim«{kJ!>^sji t nt s 1 1» 5 ^tp^ 

[0 0 2 1] fisi^tf. 018 (e) »r5^TNANDl!7 
ffl S T Jg|i£B$ CO y ^ - ^.^-r -5 * (0 ISigf Yk I g 

ffiM3 0 arolBDBgBroiaSEYbKBKfijSStcDslMCct 
SKI 2 t^D-x-oyy- hfflgS 0 aroifflSSIc 

jgfi£sn«>7P-x-i'>i^y-h-tts^2 6wai**<:*: 

#<S;iO. 1218 (e) ©Rgi5(^S£;*;iaT$)-5ia 1 9 

(a) ic^-rj;ptc. %=tiiimmm^mM\ 2 L^^Pf. 
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-<>i/'y- h 3 0 brolii*^. 'J-fe;K7)^^^g|^i^ 
Kofi. Ip-6^^:'J-l:-'l'©5"-\'^;HiJ:0K<75:2)tli 
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[0 0 2 231319 (a) \Zfh-t i:.r>t^%=^■%^mm^ 
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f— h 3 0 broS8B5on<WlCfiB-r«)tV»-5*7-fe-;/ h 

*i*i;^<i:. FNmSSSrfiJfflUT^SI^^Sffil OTi^e.^ 
10 D— >^^y— h 3 0 b'x<^)fl^aAUT. 

(b) \Z7T^-tiitu^o:>hfs.z>. z.<r>^oti.mm^iSL9t 
7P-x-<>i/y-h3 0 bOS8ai5»C*5V>T. y-:^<i: 

20 [0 0 2 3] ««J;^tf. ±f50¥^#^}f^ttlS1t 

$S«-r -S d <!: t o T b S 5 . 

[0 0 2 4] ^a^-&It*^£>M«IC3ttTI.>Aili^-&. 

jEiHi!so®aoii;^*}e< oT-^gwiisma'fbTj^ssst 

[0 0 2 5] *»BJti, ±IB»1f ?&%«bT/j:$nfcfc 
40 m^^tizmVfz S A - S T I -fe^USffl V»/i¥3f 
[0 0 2 6] 

[siii?&«»i-r«.fc*©^©] ±iB©BM*iiBE-r-5:t 
m^^mm^f: 7 p-5^-< k co<isyj{^(Di^mz 

50 -r-sist. ^iKa->U3>K±cmio5tesK*}gfiK 



17) 
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10 0 2 7] S/b. *f!?g<0#«ft^}f^ttiei&gS© 

*^*Sffi€rX>5">;/b, X-y5^>;/lCcfcOJ^S£$n 30 
+ ^^-'I't'^SPffllKOiaS t * TX 5^ > i^r d t T 

to 0 2 8] ±sso*^?g<^¥^^^»^ttieisgaOT 
Kii;?ffi(cj;n(f. jg^^^nt^j^^r^D-x^' >i^y- 
aiTKSlw. ^^:U-fe;KO^-f :^;P©7a— r-Oi^y- 



12 

[0 0 2 9] *^c. ±ie©a6<>^Mfi£-r*^c*»r. 
[0 0 3 0] ±f^<D*^^c7)¥^g^^:^}f^^^fB1ftSB 

10 0 3 1] ±8B®¥5l#'F»^14fatt^fitt. SA- 

ST I te(Cck^T5g^^@lif6^W75?^fiE$nT*5f?, L 



(8) 



«Bfl¥ 1 1 -2 6 1 0 3 8 
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[0 0 3 2] ±ie©*»?q®#««::f »%i4ffi1SSB 

m\zmmr^v-7. ' KK>fs«*jgfijE-r*xat^ 

[0 0 3 4] ±tB©*^§q»#^^^^»^ttlE1tSS« 

- \-irm^tiftmmzi5\,->T^mi^mwnzm'i'^mmm 

•5. 'Alz. f^iyu-y'>(>{fy-Vii^ifW,2yu- 
[0 0 3 5] ±tero*^a^(DJ{i^<*:^}f^ttgete^SW 

ify-htf)^'byo-7'^ >i/<f-h^mBSL-r^<DT, 

> h a-)vy- hty >ify~ hro^SiS^it 
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[0 0 3 6] Jb8E<7)*^W<D#«fls:;T:ff^<4E1tSIBcD 

a ft ii $ n ^ gi5^^ & a u T *9gE*6»» S: i^*-r * xe <*: 

Sr^tr, ;iniCJ;0. S A-ST I ffitCJ:-?. M^>5^S 

[0 0 3 7] ±.%z<ni^^m<n^mw^^^mt'^m.^(r> 
mlismi 7D— r-<>i^y-h 
€r)^fiE-r«)XSO^. WIHSl^^i-glite&K^JgfiE-rSX 

gogtifc, mtimiya-y'^ >ify-h<D±miz-^7. 
mi&mmt:i&&-ri>i:m<o^. mzm 2 7 d-x>i- >y 

y- hS:jeB)c-r-5Xg«fl(UC. «5IBmi 7D— 

y- h *i t;fi((iEsg^5j iti^gtmicw b Tx «y 5^ > ya 
xgs:se>fcwb, MtBm2 7D-7^-<>yy-hsp 

^-r-£.XglC*3l^TtJ, iStB^T^i^*6iife^(Dfi!lIiSat 

Srs/tbx. mi[!nm<Dmmmizm 2 y a-y^ ^ > if y 
-h^m^-t^. cn\zjzo. miyn-7-^ >ify— 

hi. mi7D-x^>yy-h(75?^I«i]-r^3Sg5±Jwfe 

v^T^ 1 7 D-x^ >yy- h t^mr^ 1 ?*<Dm 2 7 
0-7^ >yy- hi:*»e^t«>7o— T^H' >yy— hs^ 

[0 0 3 8] ±.moy:^^m<D^mw^i^9tmz^^m.(r> 
SSii*^»4. Jfiitcfi, ftliiBm2 7P-7^-f>yy-h 

*JgfiJcr«)Xg*«. WIB3ilT5^fil*egiK(Offl!lli®tS5K 

mi 7D-5^^ >yy- ho±STj^/5E$n?)GaHBi^® 

•r^xat. ««iBiHJsroffiigBS:tta-r^>8i5»s:«bT 
W6sm2 7D-X-C >yy- hfflg&K5*t-5.xgt$ 

^O. ;in»cJ;Ci. ^^^gfite^l^cDfiiliiStmi 7n 
-X'< >yy- h®±ffiTjgfiE$n«)DagCi£a!t bT. 
z:©oaffi©«iiw«c. mi7a-ir^>yy-h««i6i 
•rsssgi5±(i43«riTmi 7D-x^' >yy- ht^ig^-r 



15 

[0 0 3 9] ±m<D:^^m<D^m«^^m^ftfittmm.o> 

m^T^xmti'^ts. ztuz^o. ztiiz^K). 

i?®tBSi^-«iS53«a®S:Wr-5)i:plCSA- ST I 

miz^i>hi'>^m<Dm^^mt&mmimss.-r^;iti!>^ 
•?-offi!iiiES'^2 7D— r-<>yy-K*jgfiE-r 
i>m<Dmtri^mu^m&ri>j:ioizmss.r^:z tiii-c 

[0 0 4 1 ] ±82CO*^Hj(^ij£^^::f|f^ttl2^.^g© 

eim=f-i^mmm^mzmmmim^-ri>i:m^-^ ibizm 
t.rc, h«e«iRoxy->-s:«a-r5.c:ij5ST 

[0 0 4 2] 

[0 0 4 3] M 1 mt&mm 

^^mmmt, SA-ST Hr;U*ffitifcNANDS!7 

mz:^^m'S:mmLftmm-c$>i>. 01 (a) itt<Dw- 

> h D-jpy— ^ c G i -> 'J a >4i^flsSfi®5^i' 

GcD(S^««gB(^Sffi4"»ClSV-7> • Hl"f >ffi«tgSD*i 
1 0*©5^-\'^>IUJ^fi)cM«O|iBlCitelSKlCttffi$nfc7 



(9) 4#5B¥ 1 1 -2 6 1 0 3 8 
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T*^^^:U h^>i^x^MTt)im^mm.miziim^ 

n. NANDa?iJS:«fi£L,Tlri«>. N AN D J1J05— 35©^ 
aSJCH, SSNAND^JS:a«-r-5fese)<DSS?MOS h 

NAND^J®— :S(DjSgBlC'b05^L;kVi 

10 [0 0 4 4] 01 (a) <^iPtSB{C3^T^««:^lf^tt 
IBtSSE««fffilH!?S0S:0 1 (b) IC^T. ^^'Jh^ 
>i;x^' (MTl a. MT2 a.MT3a, 
it?iJlC«8E$nTNANDJiJ<^^fiKb. *NANDJiJ(D 
—-j3(D^mz\t. ^ISNANDjnj^gJ^-^^fcjijcOjgj? 

MOS |-7>>»X^'STa*t}gJ*$nT*5 0. -t© K U- 
'f >S£»ltSt:-y Kn>^'-> h B C a ^r/M^T f-v 
BL afCgSELTIri^). NAND?iJ©.te:;&®«^{zfcS 

vX^STa' JCckOiiSiWtgncpt^r'J h7>vXd7M 
Tl a* ^ia:*»e>«J5E$n«)giJONAND?!l'b»^LT 
^^•5). — 'J h^>i^;^5' (MTlb. MT2 

b, MT3b. • • •) 'h^^iiijM.mzmm-^nxuAn 

DJiJ*«^L. *NAND3FIJ©-:;5roa||j|g5{Ctt. SKN 
AND^iJSril^-r^fcS&Oil^MOS h^>>?;^5'ST 

hBC bS::^l-UTt'-y h^BL bJCSggSn, NA 
ND^jCD<fe:;^(OSeSPlCJBi«anT0^UStV»S«MOS 
30 h5>v'7,^OV-XS£S^»iSiJV-;^liSb*:rt-UT 

[0 0 4 5] ±8BWi|£«{*^»fEtt|5»«iB<D8!ii:&& 

(COtiT. 01 (a) ^<DA-A' lC*5tt-2>»fSEJCj; 

otK^g-r*. sr, 02 (a) {c/T%-rj;5»c, nand 

S 7 7 y -> 3. >^ ^ g © ^ t g -t ;Pg|J ,t ^ ia IhIK S|5^ <!: 
SSloasic, .^K^bJi&ffliiT. 7n-'rw>i^y 

40 «3JA«jaJECVD (Chemical Vapor Deposi t ion ) ffil? 
tCJ;0, KJ¥*«)4 0 0 nmgSOD^iMi^Srh'-T'LfeJl? 

O^mmV, J}i:tCfi«IA««/ECVDa«JcJ:oTK<k-> 
'J3>^K^KIS*«J1 0 0 nmSSlC*iWS-e-T, SB 1 

ro^^K2 1 ^m^r^b. 

[0 0 4 6] 5*Ctr. 02 (b) IC5^-rJ:3»r. 7* h'J 
Vi^7 7-rfi^^Si£fflliT. mi CDiffe^^2 1 /7D-7^ 

0Dmi©^ig^^2 x/ya-^^ >if¥—vmmz 0& 

50 ^^L. SA-ST I •feJKOjR^^ia^a^miODi^a 



(10) 
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1^2 1 at7a-7^-< >ify-hmm3 0 a\zJ:^ya 

[0 0 4 7] 'AiZ. mX\mi&CVDm (HTOffi) \Z 
J;*K»*«] 1 0 nmg«©HTOK2 2 t> dWHTO 
- 1 ±(D^E.CVDmiZ^^^milfi 1 0 nmggcDS 
i 3N4 fj:<i:W*afi£c0S{fc->'J 3>|^2 3 tX-m^^tX^ 

•r-&HTOK2 2«, 7^y->a;>t^:U<D»if^l»$JC7D 

-< >ify— hms 3 0 «ffi!ia<DM{t«-i5S±-r^7tiie>w. 
eE-r-5HTOK2 2Of^t)0ic, ya-^>(>{/y-h 

[0 0 4 8] 0 2 (c) ic55-rJ;p(c. 7d-5^ 
-<>i^y-)>ffl/'«y KW (mi©*eSK2 1 a ^ J; 1/7 
D-x-f >i/y-KfflS3 0 a) 5rV7.i7tLT, 
14r7X-7X-;/^>if, ^AtfECR (Electron Cyclo 
tron Resonance) 7^7X"7X«;/5=^>i/^K€:fflVi. Sfb 
->g:3>1^2 3. HTOM22, ■y-hS6^^20^X 

7 X -y ^ > 1 © 2 gipgc^ X ^ > 

if\,Z^Ki. iSI;S*55 0 0nmgS®SUiM^>^3 3Sr 
JKjSt-rS. ±^lxfcECRX.y?^>i^^BlCJ:* 
2|S:PiCDS:5tt7'7X-7Xy^>i/'<D*fttbTtt, W 
A J: ^ t>tDTag>-5. 

cm 1 SP&OS^^ttT'^Xvxy 5^>i/^#] 



C 1 2 ;tfXSita 



7 5 
0. 4 
12 0 0 
7 0 



seem 
P a 
W 

W (2MH2) 
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• cm2Si5gros:5tt:/7X-7X';/^>i^*«=) 

HBr;yxgitS : 120 seem 

Oi ^Xg!4 : 4 s e e m 

BE* : 0. 5 Pa 

•7-f izDat/-^^- : 1 2 0 0 W 

RF/t7— : 7 0 W (2MH2) 

■7JLy'f>if\ZJiOnt>n^m-C. m2(7>iteSKTfe-5 
HTOffi2 2i:Sfb->'J:3>K2 3t*t. ya-y'^> 
10 hffl/x-y KSC (mi©Jfei&K2 l■a43J:c;:7D- 

7^'r >d^y-hffle3 0 a) <r>mwzm^vft^^iitji 

■5. 

[0 0 4 9] S:^tfey7XTX<y5">yiCj;^li? 

mmiz^Mitmx'&^m'F^^mmm^m.i^ 1 2 ^m^t 
:L<om=f-i^mmm^9JSki2<DWkmt. m^ii^m 
mT^mmz^ni>^f^mwmi&i otm^if^mmmM 

<nmm^^^o^\ ^)V'¥^um\zr^mtmm. 

«*«J5 Onmt-r*. 'AiZ. :t >aA^&fflVV 
■5. 

[0 0 5 0] 'AlZ. ms (d) »C^t-.fc-5lC, {ajAtf, 
TEOS (Tetraethylorthosilicate ) ^7,^^m^^ft 
MEC VD}*(3<tO. KJ?*U4 0 0 nm)gS«K{b->'J 
3>K (TEOSK) SJftaU. JR^^^Btffl SIT 35^7 

30 D-x-f >i'y-hffl)g3oiai*si^5jBtffl)i2 4i?a 

«i>jitr. 

10 0 5 1] *IC, 0 3 (e) (C5^-r<t5tC, jg^^J^Bt 

I6&IK2 1 ai3j;tK7 0-7^-< >iry- hffl/t-y HSBfiJ 
IIWHTOK2 2 <i:S^ti->iJu>iK2 3 0yA«Vi^ 
*)>D>SR1E (St&tt-f :t>X-y^>i^) ^a*ffl 
l/>TX>y?^A-y i7 J^^^^Bifflg2 4OT^SfeS*«7 
a-TT^ >ify- hmS3 0 a«KJ?O'f^J:0T:& 
-C, y-Mte»K2 0 aJ:0tt±35Ot!tfilc<?)«!Si: 



[0 0 5 21 '^\Z. 03 



CHF3 ^Xggg 

CF4 :tf:^ats 

A r 

(f) (C^"rj:5(c, 1 



3 0 
5 0 
10 0 
2 4 0 
5 0 0 



s c cm 
seem 
seem 
P a 

W (1 3. 



5 6MH 2) 



(11) 



1 1 -26 1 0 3 8 
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{b->'jD>Kt. mMitmz^o. ±$i^it'>')o>m 
KtT-«fiE-r-&oNOK mit^-'Sitm-mitmom 

- U V 'J 3 6.nc-5T{B!la > h D-;py- h 3 

y- h 3 1 hti'^>bU.^t^'JD--i h'ffiii©a> hP-JUy 

-5^^ >i^y- h 3 0 b*Jj;C;t{'raieSK 2 .5 a 

-5. 

[0 0 5 3] ^(DWiit. SS?MOS h5>-:^7.:$'SI5cOy 

ftiZ J: D N AN 7 'J CD^22lElSSg|5roM 

OS h7>-xX^S:JgfiEUv $e.lC^JAliC VD^ICi 

Ki8PS6©}g]5E^^ff -^Tv SA-ST I •fe;i'Srffllifc 
N A N D S 7 7 y 3. ^ t 'J <i: -r . 

[0 0 5 4] ±i^U;tNANDS!75-y>'i;*^ 
ii:^ra»i*ViTfi. 03 (f) (OP U(OU.:kmx-$>^m 
4\z^-rj:v{z. m^f^mmmr^m^zin-t^m^^m 

'^^mmtts.^x^^^ittbiz. vt^m<Dm,mx^m ufc 

019 (b) <Dj;-5ScS#)i**<fT*Dnfcj/^:U-fe;i'W 

[0 0 5 51 c:®;*^'J-fe;Hci5tt*7a-7'-< 
>i^y- l-W^Sie^JtRia, R = C2 / (CI +C2 

) ^ (1+ (Wl / (Wl +2 (AWI +H1 ) ) ) 
d2 /dl ) -ii/i?,©X-. ^^^^8iffl«tSaiK 1 2^ 

T. CI ti7D-x-<>yy-h3 0 ba:^^«:*fil 
OFbIO^S, C2 «7D-7^^'>i;'y-h3 0btn> 

hD-;i'y-h 3 iraio^s. dl tty-Mte»K2 0 

a(9l^J9, d2 »4>rBl«ei&lS2 5 acollffiSE^tKJl. W 
1 1*133 (f) lC3^-rp<^r'J-t:JK735^-V^-;HI@. HI « 
03 (f) tC^rTfflla>hD-;l,y-K3 1 ai«f6l 
-rs^D-T--*- >4^y- h 3 0 b<Dffl(ll£«)ftS, AWl 
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[0 0 5 6] f^2mmmm 

*ffl tifcN AN Da!7 ^ y ->a ^ 'J T*Si|t^(*^» 

E43j;i;#fiffiEl?SStt, ai (a) *iJ;tX (b) {c^-T 
[0 0 5 7 ] *llffiJg«ifC75^*^^¥.»{*^}f^i4iete^ 

10 m<7)&m:Gmiz-z>\f^TSiB^T^. *-r. las (a) \z^ 

-r^^lC, NANDa!77y->3.pttUro;*^'J-t;Pffl5 
<t ^5a[Hl8SeB^ <!: ^ 5^ g|-r ■& 26 <7D P S 05 X 

4.;i'i^&Kfr«)y-MeaiR2 0^K/P««J1 O nmS 

^m^r^. -^iO^. {fiJ^lfMJECVDjt^lCJ:0. ^ 
/P*«)4 0 0 nmm&<D^m^i: K-r.b/t# 'J -> U 3 > 
7 0-x^>i/'y-l^fflS3 0$J^fi£ 

L, ;*:ic0ilA««lECVD?i^icJ:oTffifl;->'Jn>* 

20 tt^&ajp*f)2 0 0 nni8StCi6a$1*-T. SlOD^ggia 

2 1 i:m&-r^. 

[0 0 5 8] 5>:fc. g)5 (b) ic^rJ:-5ic. yzth^J 

^jifyy^&.m^m^^x. mi(Dmmm2 lyya-y^ 
-oify-hmms o'S:/^^-->ifbxmf-^mmm 
a:>mi<ommm2 i/yu—v^^ >if^'-hmmz os- 

U^V. SA-ST I-fe;K7)jil^M«*ai5mi®i^S 
W2 1 a t:yn-y->( hfflM3 0atCJ:-5)7P 

[0 0 5 9]JJ:IC, 7n— r-Oi^y- HSU© 

yu-y-^ >if^--vmmz 0 a<r>mm\z. mx\tt^m 
2 0)te»K2 6 tf «>. ±^u*:ISiKfl:r. yu-Tx 

^ >i/y- hfflS 3 0 aSffltcH. iKj2 0 0 nmea© 
^lCDiie»K2 1 a7!»JJgl3E$nTt»'5;t:Si). 7n-7^>< 
40 >iry- hfflH3 0 a cDKJ¥©«i!>ttM«-C$?>. 

>yy- hffl® 3 0 a<om&.izm^ti>n2<Dmmm2 

6«, HTOfttCJ;-3T*lia-r-£.HTOKT»-3Tt><k 

[0 0 6 0] 'A\Z, 05 (c) iC^-fi-SJC. 
X>iff- hffl«3 0 a ©ffljglcm 2 WifftiSB; 2 6d<«5 

T. \ 0roS®gBH3S^5Jl5lffl«T^Jgfi£-r 



(12) 



1 1 -2 6 1 0 3 8 
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OS^^tty^Xvxy ^>yjc J; 0*J»(i^S« 1 0 (DX 

tC 7' 7 X V X •;/ 5^ > $r ff o T L T t> . 

7 XVX ^ > i^W^^T'Jg^ LT t) J: 

[0 0 6 1] 'Aiz. mmitiiizjiom^f-^^mmmT^m 

-f^j-^aX^S-fflti. «ii|A(i#o> (B) ■i^> 

ii5"r^;nB±^ 1 1 ^m^-r^. 

[0 0 6 2] -^iz. 0 6 (d) (C^-rJ:e>JC. «aJAtf, 20 

0 0 nmgff(DK<b->'Ja>K (TEOSK) ^*t?a 

[0 0 6 3] :k\z. 0 6 (e) iz^-fiptc, %=f-^1& 
mm2 4t, ya-7--<>if^-\'mnvV^<DW.\<D 

li«m2©^^K2 6*, 03A«-7i/^- hD>MR I E 
gB^fflVifc, ^ll^i£JgSI<!:H«/j:X>y5^A*-;;i^^# 

TX>;/5"/\'>:/i7 L-, 3g^^^g|fflg2 4C0«ffifig*S7D 30 

y-Hte»iBi2 0 a J:0«±;&rofi:s<c<*««lt-r 

•5. 

[0 0 6 4] ;*:tc> 0 6 ( f ) (c^fct^tr, ^JAtiS 
SCVDiitCj; Oig*iK-r-&. KJ?*5 6 nmSSWHTO 
ffit, «£ECVD^TJK)«-r«». KJP*?I8 nmgffWS 
iti^Vriymt, ®iKfbS1cJ;0. ±IS^{t->';a>K 

Bii:T«fi)t-r«.oNOK imitm-^itm-m<tm<nm 
m^&mm) izj^o'pm^mmimmr^. -Aiz, mm\t « 

1 aiiJ:l/^>yXx>->U-y--f K<7)±ll!|n.> h d-ju 

y-hs 1 b*»6.;a*#u-y--f H«ji©3>hD-;i.y 

VT.^ 3 1 t LT7D-r-'C >^'y- hffl^S 0 a :fe J; 
t/f P«1*6MfcK*Xy5'>i'L.T, >'t5'->SDX^nfc7 
D-x-r h3 0 b*<tC/'PrBl*6SK2 5 a 50 



22 

[0 0 6 5] ^COWi. ]lJ?MOS h7>>?X:J7gl5coy 
^£tC cfc 0 N A N DM7 7. -y ->a. ^ ^: 'J SIhIKSECOM 

OS h^yi^xi'^m^s.v. ^etcfisiAtfcvD^icj; 

KggDgPWJ^fiJc^SrffoT. S A - S T 1 •fe;l'*ffl 
N A N D U 7 7 -y V 3. p< ^: 'J i r -5 . 
[0 0 6 6] ±ifiL/tNANDS77-y>'3.pt^ 'JOS! 

iS:;^ffi(x43i^Tli. 06 (f) <DQU<Di}::km-n$>^m 

7 \z^-rj:-5iz, m'f-^mmmT±mziii-f^mT^m 
mm&mmi 2 t¥^m»&^i 0 iio:>^mo^&.mii^. y 

'p^mmtu-:>r\,^^tzi6iz. 'iStmm<DtsimTt&mi^rz 

mi9 (b) «J;5^j:Stji*^*ifT*pnfc>^:'J-fe;KD 

li. i^«lg^bLti^iS#Tif^ttfB®SS*i3ifi-r-£):: 
[0 0 6 7] mft> c<D:i^^iJ-tJUzidi-f^ya-T-^ 

>^'y-h(7)^gtS^JtRtt. R = C2 / (CI +C2 
) (1+ (Wl / (W| +2 (AWl +H1 ) ) ) 
d2 /dl ) -lt;i^cr)T, 9^^»Biffl?IIT©ei;^r6]'V 

"SimtU^. dClT. CI «7P— x-f >i^V-h3 0 

htH^m<$m^iom<D^m. ci\t.yu-7-^yiff 

— b30bi::3>h D-;wy- h 3 1 racDSfi, d 1 
y- hiffigtK 2 0a WffiJl, d 2 tttfTfli^SK 2 5 a © 
Ifffi^^b^J?. W2 (50 6 (f) lC^-rj*^:'J-t;i'©5^ 
i'^^-^Uit®, H2 Ii0 6 (f) lc^-rTfi!lrj> |>D-;py 

— h 3 1 a i:«[S]-r-5)7a-x-f >ifY— h 3 0 bWffld 
S©«S, AW2 »iE71C*-r:i-7-fey h*ST?^'5. 

[0 0 6 8] msmmmm 

^^mmmma, mi^mMmtmm. sA-sTHr;u 
^mmmm.(Dnm:^miz:^^mt:mm Lftmrnt^^ 

08 (a) H-?-©¥®0T*^. hU>^a!®*^ 
mmt. '7-h'i»i:^c-53>hP-;uy-hCGi:*i3g 

>^¥■m^*:&^<o^r^Jm0^mm<Dfinz^&m^m\z^m^ 

fc. a> hP-JPy- hCG©iS5fi!l8B©Stgt'tcHV- 

;i.y- h c Gm^m<$m's. i o tfi©^'^ :^;uj^j5E5i^© 
raiciteSKJc««$nfc7D-7"-< >i/'y- hFcsw 



(13) f?»¥1 1 -2 6 1 0 3 8 
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430, iE-OHW-OttffiSfik'-y hBCS^ [0 0 7 1 ] ±I2©N AN D;^ h 'J >i^cD-;5(0^«B{C 

l,T^S5bi^tt^b* .y h^tCgl^LT^iS. NAND^JO 14. 'J-t;Hc43ltSn > h a-;uy- h 3 1 

[0 0 6 9] 08 (a) ©¥ffi0lC^T¥«#:^»%tt "» *^e.7i«.JiP«1«eigi]K 2 8 (C«a$nTt,i^. gKJfiliiK 

ii^mmoimm^i&mtrms (b) jc^-r. ^^uk? 2 8tc»4a*?h7>v'x^'©KU'f >i£«gi s • \zm 

>i>7s9 (MTla. MT2a, MT3a. T^b'y >^'i7 h5^-;i/B C*«MD SnT* 0 . ffi 

itJiJlC^iK^nTNAND^J^^BKt. :^NAND?HJ© 3 4 1 Tfisj A r:-;; A*^^, /iS f 

-:!&CD«gK(C«. ^^NAND?iJ^ji*?-r«.fc«6C9a*? •;/ hi8l3 StcS^LT^i^), ±IBroNAND;^l- 

MOS h7>-^:^^StaA<jgBgSnT*50. -tCDKW U >i^O<t6:SO^ffltCtt. S^U^l»S« h7>i?7.5' 

BL alce^UTVi-5. N AND>FiJ«fl6:&CDJSgBlCfcia 0 ^iJCffiSilgt UTJBJEacSnTt^* V-XiggtcaiKUT 

fl9y-;^S&»Btii'JV-:^JS5Sa*:ft-UT£y-;:^i»S [O O 7 2] ±SB©^W«:^ff»14l2tfeSaiC*5ViT. 

Tia* ;s:t'*^e>«fiE$n«s'joNAND?ijfcSig!L,T fcis^^Biffiw (hu>5^) '^m^^^m'f^mm. lr»t> 

^^r'J h7>v';^^ (MTlb, MT2 h U>^m'?-^m ( S A - S T 1 ) ttTJ^fiK^tlfc 

b. MT3b. • • •) t>*fcifi?'JJcSM^EnTNAN t)©Tfe»3. ii5*«{l:lcS U/c^jg t/j-DTt^-S, * 

D5^U^#ffi£L. *NANDyiJ03-:;5(DSfflgB«Ctt. ^iSN fc. 7 D-x^ >i^y- > 3 3 a {i^U< t^tH^T 

AND?iJ^gS?-r-5fc«>CDg*?MOS h7>-:';^^'ST ^>2:PCDaSgP*^ SIS«8gBPBl<tOfcflS<JgfiESnfc}Btt 

b*^Jgfi£$nT*50. iE-OKU'f >J£ftB«b*«;/ hr}> <!:^t-DT*3D. S£*rojg4^c07 D-5^-<>i/y- h J; 0 

^'i'hBCbS^n'LTb*-;/ h^BLbJC««3tl. NA fen > h D-JU^- h tOSfiiK^itfC^-^-r-S^Sfl 

=Ey-X^SlrSiKUTi.i-i.. J:0. U -tJUffifS ^rfil/MkbT fen > h D-;i/y- 

[0 0 7 0] ±l2W^^fl:^»3^14ISm&BOEI8 h <!: 7 D-x>f >i^y- h W^mi^^Jt^^^gSSS^T 

(a) *ODA-A' {C*3(-t2>»fE0€:E9 (a) B -SCiA^^fil-p, •J-feJU©S#ji*16f^/j:i:<:*5V» 

-B' Jl*5lt^»tffi0Sria9 (b) {C*r. m9 (a) T^idf^S-gC bTD^SS<£TS-&^ CI t*«fj:< . * 

K) 2 0 a;i<}gB£$tlT^3i3. ^<D±JilC«aj;iti;}? U -> [0 0 7 3] ii^c. S;*^: U h 7>v':^3'diaSc<Bil^J 

un>*^e>«£'5 7D— r-r h 3 3 ai)m0!L^t\ ^zt^mtnrz^^mi^^m^m^t^mm.x^&^(DT^mf$. 

r\,ii>. ClJlt?. 7P-7^-f>yy-h3 3 att. cS^tj. « ft»cWf«J-C<6D, U -fe;K^)11»«;lilJn$-li-T, CO 

< <!:fe?tl6]-r'5 2::?cDiggp*^ ^I^SggsrslJ; 0 feii5< ;<^:'J-t:;l'BK^^-<7)®fSSrJiJD^lin«. b'-;/ hH-tcon 

nxti-s. t}^FBiiffiiS^iR2 5 a(7)±ES:isabT, PSf^T^ feiii««<b i,/t¥«{*:^»fH±ie«SEi-r* 

3j?"J->'Jn>*^e)fj:-5n>hD-;i"5r--h (9— Kiia) d <!:*<T'^-5.. 

3 1 *iJBliE$nT(r»*. ifc, @9 (b) »C5^-rJ:5 [ 0 0 7 4 ] ±BBW*9f<*^»»ttffi«SS©Slii:^J* 

IC, n>hD-;uy-h3 lCDP5ffl!lSSCD#^i*S«l 0 Jrot^T, 08 (a) "fOA-A* \ZiH^^m^\Z-^-z> 

'PtZii^-X- h'U"f >i£»gl 3*i}^EE$tlTl»«>. TISl?q-r-5. ST, 010 (a) {C^T<t'5JC. NAN 

c:nm;»3n>hD-ji/y-h3 1 1. *3i<*s«i 0 50 Dm7 7y>a./^=i:fj(D/^^*j±)vsit.mmEin&miz 
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* St-r -5 * © P S! W ^7 X ;U#*<}gJ5E$ nx t» -5 

{^^fiCVDfetflCiD, KJ1*?)3 0~1 0 0 nm 

- hfflSa 0*}gricL. J*:»ceSA«CVDa^lCJ:-DT 
- S{t->'j3>SrKS:KIP**)l 0 0~3 0 0 nmfigic* 

[0 0 7 5] :;^;{C. 010 (b) ii^f cfc^tc. K 

i'LTIg^3*glfi@0V;^^S2 7/^1 VU-y-A > 
i^y-hffles OS^SU, SA-ST I-fe^K^jR?^® 
^^S5-7X^®2 7 atmi 7D-5^-< y^f- Vm 
g3 0 aS:JgfiJ-r'2>. d^lT. ^{t-> U n >0DV7. i'g 
2 7l±j}?'Jv'U3»^<*:it«iUTi?)^T=bSESni*«§ 

'J a ><^^ 1 :? D-x-<>yy- hffl^ 3 0 titJejfe^J; 

;^i'^2 7/mi 7D-x-< vmmz Q<mn9 

hfflji3 0T©^l'^y-K^MkK2 0dix-7 5^>i/'$n 
[0 0 7 6l5*:tC, 010 (c) ICg^-rJ:-5»C. ±f2© 

[0 0 7 7]^JC, 011 (d) «C^-rJ:3»C, Ui^;^ 40 
bKRi&iiliib, 01 1 (e) \Z7ji-r^-D\z.' h'^-fx 

■y^>if{zjii>m^i}mmmTm0imoi'y- h«6i&i^^ 
mf-^mmmT^mizn^Mitmrib^mf-^mmm 
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1 -7 0— >{fy- hmS3 O aWfiHSSStK^t 

sHd> (B) -1':t>$-f:t>aALT. ^^5^Ri®i^CD 
5^ T HI ffl SI T J£ gP J C 0 ^ L t > 5^ -V- ; U ffi Ih g S: BE 

[0 0 7 8] 011 (f ) iz^moiz, mA. 
TEos^T.m^mi'^ftm&cvDmiz^o. mm 

$54 0 0 nmga©K{b->'j3>K (TEOSK) **6 

g3 0 aPBl^?^^5Jg|fflg2 4Ta*iity. ttWr-Sife 

"F^mmmz 4<Dmm\tm^^mmmT(D^iz&wv. 

ffl « T ^1: a i* e. n -5) fc* It C73 + » K ;? 75« !e> g T -s . 

[0 0 7 9] ^iJcJC. 012 (g) iZ^-fJiOiZ. m^ii 
•77.i7|g2 7 a h>ytfr-5CMP (Chemical Mec 
hanical Polishing) SlcJ: 0^?-5Jflffflg 2 4 i&i® 
*'>?>WSL-. •T'T.^g 2 7 a taSI^— roiSSajaSS:* 
■r-5m^^J«l*gMi«2 4 b^Jgfi£-r«>. X >;/ f^A' |c 

^M^K2 4 bc7)^®jJ<-7Xi7^ 2 7 a .irBSIlI— WiSSS 
a ® t o Bt T X 5" > * I? jh -r -5 J: P I C ^ S -r 

[0 0 8 0] -AlZ. 012 (h) lC^-rJ:5fC, ^^^J- 
gi*giife^2 4 b*5J;t»^ll 1 7 0-7^^- y^f- Y^mz 
0 atC?iT-5-77.i'g2 7 a CDX-i^5^>i/ji^tfcS-<!:'5 
C:tj6«T#* K7-fXy?>i^*«.t>l4'i'x y hXy^ 
>^^/j:i:<DXy5^>i/'lC.t 0. -7X^7^2 7 a S'fi^^-r 
CiniCiO, «IgTm2 7P-x-('>yy-h-Sr 

[0 0 8 1] iX:ic. 012 ( i ) ii^rJ;'5»c. tajAtf 

C VDfetC J: 0 7j« U -> 'J 3 lr»tt7^;P7 7 X -> >J 

a>S:5S^»SI«e^K2 4 bWffiillgffitmi ^D-T^^- 

T^BlC*tfil$-fr. ^2 7P-5"^ >i;^y— hffl)i3 2 

[0 0 8 2] )k\Z. 0 13 ( j ) \Z7Tit^O\Z. R I E 
nt<J:COX-;/f^>i/'IZj;0^^»«l*6^m2 4 b 

1 7 □-T'-r >:f*f- vmm 3 o a ro±®T>gfiE$ 

n^DagBro«!iigE^s?i-r'£.siJ^i-<Dm2 ^D-x-i- 

h ffl S 3 2 U T^iSlC X i7 I^^T S C 

tT. 5g 1 7 P-T^^ ^i^y- hfflB 3 0 c ©**l6]-r* 

i^gB±IC*Jl.iT^ 1 7 P-5^^ >i7''5r- hfflfl 3 0 c i 
}£gi-r^ l?*CDm2 7D-7"W >yy- hfflg3 2 a^ 
}g)5E-r«.Ct*<T-#-5. mi 7D-x^ >i7'y- hfflg 

>yy- hfflJi3 3 iT-S. ±fBrox>y^> 
i^{C*JV»Ttt. l«<0^2 7P-7"-<>i^y- Kffl@3 
2 a<0PJI©gp»i:*3ViT»i >iff- Vmm 
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3 0 c^^±\ZXy^>^\^X^'- \'li&mm2 Oaim 
ai $ -ttJi J: -5 tc X 5^ > i^'^fr * SSS-r 

[0 0 8 3 ] 'AiZ. mi 3 (k) lC^-rj:5»C. WA« 

to 0 8 4] la 1 3 (1) JC^-r<fc^lC, 7P — 

fisj;^«5}^ 'J ->'ja>*^e/j:-sa> hn-;!"^- h (7- 
li, fiffiiaft; ic ae> U >- 'J n > i ^ > i/x 5" > -> U 

[ 0 0 8 5 J ziyv a-)iy— h 3 1 sv;^ a 

1 iUT^n-x^ >i^y- hfflgs 3tij:wmmm 

>i^y-h3 3 ais^zS'i'mmmm2 5 ai-rs. 

NDS77y->a.pl*'J®ra)aiHJ8SBR©MOS h7>v' 

© K K 1 3 • 1tjfr-5n>^;7 hTh-^UBC 

OMO. aii6ji*-m@3 4*3J:C/f<y h^3 sncifroE 

/t-;/->'^-->3>M®it«, >''?•;/ K pan seoffi^ 
[0 0 8 6] ±tiffi*m^mm(o^mw^m^ikB^i^ 

1 7D-x^ 1 jt^«m2 7 0-5^ 



28 

[0 0 8 7] et±, *l£?«*3JgSI(D*i6}gSHCJ:0Si 

mi(OitfiliKSrCVDffitCJ:0Jgj5E-r-&K<k>' 
'j3>l8ld:bTSi?gUfc*i, CVDffi^»CJ:«)Sfl;->U 

i6J^Sg-e»4, Sg2«i^^lgS:«|J5E-rSK<kS5ltl»tLT 
[0 0 8 8] SeiC, *^I^Om2g|;^J^SlTl4. ^2 

9ii^mj^mtmmzmf-<Dmni:m±-r^mmit 

«fi)t-r*m2<Dil6giKT^oTt)J:t». MtwSfc. 

(ws i2) mtiz^i>-^stj-*^^ \imti.xisimi^tz 

oSijIS. CoSizlS. TiSi2 Mt^<9iiSlt^^ 

tE^mmiZ-D^^XmmiyX^^mi. NANDSJfCtSe) 

30 T. NORMfe-&Vi«D I NOR^CDiJi«<*T»f!14l2 

[0 0 8 9] 

fbHil Lfe S A - S T I -t;!/* ffll»fciH««^^»^148S 
[0 0 9 0] 2ti:^iq©SA-ST I -fe;U«rffll»fc 

±UT. ii5«tt{k(CiiUfcSA-ST I-t;USrfflV^fc# 

4. 

[01] 01 (a) \i^^m<D^immmmz-f}^A^^^ 

^«^^if^i4IEfe^S«¥S0T«.O. SI (b) (4-€- 
[0 2] 0 2f4*^B^<omi||5gJg^tcA^;&^^it^ag«::f 

m^mi^^m.(D&m:^m(Dmmjim^^-rmmmx& 

50 0. (a) ttmiW*6SK«:Jej«-r -618*7?. (b) 
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ISm2CDI6SK€^J^«r*ISST, (c) (i5^-\'^;i' 
KlJtS ^ J^EE-r -5 ^ T ^ sp-r, 

[0 3] S3ti0 2(D^#<?DIgS:^-r»rS0T'SO. 

(d) »4*^»l!lfflS$jigfi£-r-5I8*T. (e) ttSI 

"f-^mmmm'^msx-r^jLm^-^^ (f) ttn>hn- 

' im4] S4»i03 (f) ©PgB©ffi:*:0-C*«). 

0. (a) «||lCD*e^R<&J&fifc-r-5)lSST. (b) 10 
f4S2 0*6SK€:}gritf«.Xg*T. (c) It'^^r^Jl' 
EitM ^£ J^5£-r ^ I li $ T $:5^-r . 
[06] S6taig5©gt#CDIgS:^-r»fS0TrfeO. 

(d) \tm'f^^mm^mss£.-t^xm^T, u) am 

[0 7] 0 7«06 (f) <DQgB«)S£:^0TfeS. 

[08] 08 (a) (i2^^^C0^3||£g)^ffi(C;!)';)'%¥ 
^ff^»5EttlE«SS<D¥ffi0TJbO. 0 8 (b) 
OSfffi[E]SS0Tfe«.. 20 

[09] 09 (a) ri08 (a) OA-A' IZ*5lt2)»f 
ffi0T*O. 09 (b) «)08 (a) tCB-B' ICiJit 
S^Bd0T*-5>. 

[010] 01 o\t^mmom3^mM^izA''i>^i>^m 
T*o. (a) \i-77.i7m^m^-r^j:mm-r;, (b) 

[01 1] 01 l»401O®iK#©IS«r*rBrffi0T 

$>V. (d) liUv';^ H^SrM^S-r-SIgST, (e) 30 

««^^^sifflSi««iK*j^fi£-r^xg*T-, (f) \tm 
"f^mmm^ m^-r^ is * t ^ s^f . 

[0 1 2 ] 0 1 2 (40 1 1 roig?$CDlSS:^-r©i®0T 
feO. (g) l43^^^»SI*6i^K^^*S-r^Ig*T. 
(h) l4^7.j7g«r^5ST^Xg$T. (i) 14^2 7 

[013] 01 3J401 2(^i^#©lS€:^-rfrffi0T 

(j) ^4^2 7D-7^^>i^y-hffl®^:^^x-r 
^>ISST. (Ic) l4^^^JSIite»KO«S^®a5^k$ 
•it-5XgiT, (1) J4n> hn-;i'y- )-«r}Bj«-r« « 
X8*T?&^r. 
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[014] 0 1 4 14m 1 'i^^mzii->ii^i>^mti^^m^^ 
IE»SSCOfKffi0TS)^.. 

[01 5] 01 5itm2'^mmizA^t)^^¥^m^^m!^^ 

6E«SS6¥90T%O. 015 (b) It^omtS^^ 

0T$)5). 

[01 6] 01 6 (a) t401 5 (a) <DA-A' IC*3 
lt-5tKffi0T*O. 01 6 (b) »401 5 (a) <DB- 
B' lC*3Jt-&IR®0TfeS. 

[01 7] 01 7(4m2iJE*^J(rA^*^2)4^^{^^}f%i£ 
IE1&SSro$!ifi:^j*®SajSXS^^-r»r®0Ta& 0. 

(a) l4«l©l^&ISS:J^fiE-rsx8*T. (b) tt5=- 
Y^JUElhM^&J^fiK-T'&XgST. (c) M.^=f-iiWtm 

M 2: j^fiE-r -5 xe * T- $:s^-r. 

[0 1 8 ] 0 1 8 t40 1 7 <Oi^#COXg«:3^-r»rffi0-e 
»0. (d) l43ST5JKt6SK«'J^l3tr*xaS-r. 
(e) )4zi>l-D-;l'y-)«€:JgJ5E-r4Xa*-C*^ 

-r. 

[01 9] 01 9 (a) (401 8 (f) (DRmoiWki^m 
TS)0, 019 (b) l4^i'^;USB«3SffiSfi[»flJ0-C 

[??^oift?g] 

10-#««cS«. 1 l-^^A-^^HfliJB, 12"3g^ 
^glffljfSSK, 1 3. 1 3' -V-7. • HUOffift 
2 0. 2 0 a-y-NJfegiJi, 2 1. 2 1a-mi 
OiteSK, 2 2. 2 2 a-HTOK. 2 3, 2 3 8 -2 
{bv'Ua>K. 2 4-3g^^^g|fflg. 2 4a -^^^»^ 
iteigitt. 2 5. 2 5 a-l'PalJeigtM. 2 6 - S2<Dite& 
M. 2 7. 2 7 a--77.i'S> 2 B-mfHt&mmi. 3 
0. 3 0a. 3 0c- (mi) ^o-x-Oi^y— hffl 
@. 3 0 b •• 1 ) 7n-7^-< >i^y— hv 3 1 a •• 
T<B3:3> hD-^py- 3 1 b-±(Wn> )-D— ;i^y 
-h, 3 l"0>)-D-;i.y-|-, 3 2. 3 2 a-!B2 

7D-5^-<>yy- hfflji, 3 3 --7P-7^-f >i^y- 

hmm, 3 3 a--7 0— >i/y- 3 4-S»i)ji 
;!^.mes, 3 5 - h:-;/ hiS. T-^T^^BifflrS. FG-7 
o-T^w^ >iry- h. CG • :i>ho-;i'y— SD 
- V-T. • KUOltilS. SG -M»?y-h. TI " 
hU>5^M5e^»llfi^aK, BC-h'y )>n>^'i5' )-, 

BLa. BLb" t:yh«, S. Sa. Sb-V— ;^ 
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[0 2] [@3] 
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(21) «i8¥l 1 -2 6 1 0 3 8 



[015] 




[016] 




(22) 
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[018] 



[019] 



24a 26 



25a 



(d) 




(B> 




(a) /7 



208 



31a 



(b) 




imthB] ¥fi)tl 0^7 M 1 7 B 
[«IIEl^$] 

[»s=s] BjaBS 



1 7n — 







7P- 


-7--C ; 








icsaigmi 












i**©m2 


7D- 









TWtESBl 7D-7^^ >5^y- HtSSiEr* 1«W»2 



(23) 



«Bfl¥l 1-261038 



;^ H i BS 1^— ©iS <^aS €*-r ^ 31^ »B§i^i&K«r 
>i^^'- l>i5J;t/i3IBI^^^i^lll«6&MJc«UTX 
ftlJIB^^5^l3li^«tiKro{l!lSSi:ttlBm 1 7P-7^-r 

X8*«. flaiB^^»llt*6»^<©(l!lS®i:WSBmi 7D- 
t, «i8BIHIBB®fflSliB^tt«-r«>S5»*SL.Tfi5IBm2 

7o-5"-f >i/y- hffl^^K$*-r^xg<fc^^tjsi* 

JS6.IB^co4'^<*^»«ttlBtegE(DSlji:&^. 

xg<oa, mm'^r^i&mmim^-r^T.mcDmiz. mis 

i^jM*?lt^*-r-5x->?^>i^JcJ;0. mzm2ya-^ 

est; «l *)i ^ nfc H65^ Sr ?I b T SaiBSeStf^ ^,£T 2> X 
a i €-$t;iS*9 6.IB«<0i|igf #:^»5EttfB1SgS 

[jg^JSl 0] mItB3g?^@iffl?^$:^^-r^xacD^, 
SSIBjflT»liti^»M$:J^fi£-r^.XSroSi)IC. h9§B^^^^ 

Biffl3f«®jc««K*j^fiicr«>xesse(c*-r-sis* 
Jl4.sa«©#^<tTJf|gttSBttSBoSii;^^. 

[0 0 0 1] 



'J-fe;P*=fi-r«.^«<f^lff8ttSB1tSa43J:l/-?-03S!jS 
(0 0 0 23 

'J-t;i'i£:fflli;tEPROM (E r a s a b 1 e P 
rogrammable Read— Only Mem 
o r y) . EE PROM (Electrical ly 
Erasable Progra mm able R e a 
d-Only Memory) . EEP ROM©— Ct? 

-i^m^m^m^. ^^-yv^^^'j (piash m 

emory) ^75t^^^cH5E^^^, ^fflYtfc^StXTt* 

-5. 

CO 0 0 33 ±aUfc77 .y->jL;*^rU{CtS. NORS 

0. SfJ«tt-(l<D7P-x-^ >i^y- hSMOS 
vT.rS' S: 7 7 ;< ^ 'J CD— PW;?^ ^: U -fe^Wt-r^ fe 

M!MOS h7>i^7.^\Z^^y>^^^)t)l'imm^iiT 
ES L N A N D -fe O CO #{5-fe ;u t ;k -D T t i -S) fc 

ORmyyy>'3.:^=tVlZlt^X. y>S^J^Ti'±y.m 

CO 0 0 43 ±^(^7 0-7^^ >ify-hm<o^m»^ 

»nmz^mm<D-m(Dmmm^mj_iz^^-r, m^HL 
ocosmtjii:\z^ir)^^Lftm'f^mmmm2 4 aic 
j:oi^m^ntz^mi^m«Li o(Dm^m^±iz, m^a 

mm) 2 0 atm^^nTHK). ^<D±m\zm^ii^-*j 

vij3>*^^,nt^)7P— >ifi^- h 3 0 b*ij^fi£$ 
tXTfeO. ^^e>lC-?-«D±B»Cffil^tfONO«l (ffi<klR- 

^itm-mtm<Dmm^&mm) A^ibti^^mmm9^2 5 

a*iJgfi£$nTl>S. 1=rB^«6i&l^2 5 a(D±g{C«, m 
Alf7i?U->Ua><DT«!ln>hP-;uy— h3 l ai:^ 
>^;^x>x'Jit-f KO±fl!l:3>ha-;Py- h 3 1 b 
A^iUi^^VD-'f K«jgOa>hP-;uy-h 3 

jassnxvi'S. ^^c. 3> hP-;py- h 3 1 (o^fflnsB 

mm^z^mttitzya-T'^ >i/y- h 3 0 b^wr?. 
CO 00 53 ±iBos?ig^^-r^7D-5^^ >yy- h 
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-x-<>yy- h 3 0 b^lCffiUiife^fSf'J^r^O. Zl 

> ^ D-;t"ir- h 3 1 , #«*^Sffi 1 0 $>^\,^\ty-x 

[0 0 0 6] ±fe®J:5tw7P— x-C >{fy— h 3 0 b 
T-'Oify-i^S 0 bt" lim^^Sfg-r^SltTx-^' 

[0 0 0 7] ±feoDt«e5fero7o— > 

ifV- h 3 0 b 4:«^^^»*§ii^K 2 4a i:K»^*3-ti-^?S 
tVT^-A-^yZf^^l^^L. iftlCLOCOSffi 

[0 0 0 8] ±sBcDr=iii-^^/s^-r-&;tJ6Jc. m'^^m 

WlCJg^t"-5>S A-ST I (Self-Aligned Shallow Tre 
nchlsolation ) •tJ\'m^'S:m-t^7 u-T'-Oify— 

hm<D^m<^^»m^B^^s.Amm^rirz (iedm 

Tech. Dig. 1 9 9 4, pp61~64# 
fig) . EiTlC. fiaitbTSA-ST I-fc;P«jgS:*-r* 
N A N DS!05#»#'F»5EttfS1tiSEIC^ t^Tlttl^-r 

MT^fi^icisiiT, 3>hP-;i-'y*-hCGi:->'Jn 
fc. a>hp-;wy- hCGroilffl«SCOS««f iciiv- 

;uy- h c G t^m»m& i o +c95^ ^ :^;^Jgfi£m^sc^) 
rairiiegtKic«a$n:t7P-x-f >i/y-hFGS:w 

NAND?'J»-;i&CD5ggBlCli. SKNAND^JS-a 
S;-r-5fc«i)«5SJ?MOS h5>>'X^'ST*<JBJ«$nT 
*J0. ^E-OKW-f >i£»^{it'-;/ hrJ>^i7 ^BC€r^^ 
^T0a^L/J:^it*■;/ hiSIClSl^Um?). NANDJiJW 

-y3<DM®iz'bmm\^u^-^mmuos hy>'jy^^ifim 



[0 0 0 9] 0 8. (a) ©¥ffi0lC^T¥®<*^»^ii 
SB«SS®«ffilH]K0«:a8. (b) IC^T. P^^'J h7 
>'J7.9 (MTl a, MT2 a. MT3 a, 
ia?iJtCjggE$nTNAND?iJ$r«BEU. ^NANDJIJ© 

-:$<D)Sseicii. siSNAND?nj$sji?-r.g,fcje)C)s^ 

MOS h7>i';^^'STa*«^^$nT*0, ^<ir>Y\^ 
-f >ld:»li«f y hn>;?^ h B c a «-:fM,Tf-y hi^ 
BL alcSi^UTVi-S>. N ANDJiJ©(a:&OSggBtCt)S 

«y-xJ£tfc^iii<jy-7.^s a ^trt-uxiv-x^s 

tCjgSSUTVi^. f>y b^BL a»CiaM*?MOS h^>- 

Tla" ;4i:*^e>mSn4SiJ®NAND?iJ'bSE01UT 
ti^. — pt^rU h7>i'X5' (MTlb. MT2 
b. MT3b, • • •) t>SfciS?iJlw»<^3nTNAN 
D?iJS^eiJ«U. *NAND5lJ©-;&<OSSffl5tCtt. ^^N 

AND?iJS:SS?-r^fc«e)rog^MOS h^^i^T.^'ST 
bdiJ^SE^nXfeO. ^(^ KU-OffiffiMlif-y h=i> 
rJ'i^ hBCbS::fM'Tt*-i' h^BL blCfiliK^Fn. NA 

h 7 > i^;^ ^' CO V -xitffis liiijy — XiS s b s-^h UT 

[0 0 10] ±S©¥««i:^»»ttl5«SBOD0 8. 

(a) tt^OA-A' {C*3lt-2)»r®ig$-0J. (a) fC, B 
-B* (C *3 It ^fiffi 0^:139. (b) (CS^-r. 09. (a) 
tc*TJ;f>lc. hU>5^ScD^^5i-ii*fe«tK2 4 alcJ: 
r)^^(!ISnfc^»ft»«l orosttia«±tc, 

m 2 0 a*i}KB£SnT*5 0, iE-(D±S{Cfia|Atf Ji^ 'J -> 

•j3>*^e.!^f-&7P-5^w >if¥-vz ob*<j^fiE$n 

i\:.m-mtm<Dmmmm.m.) ti^^ts.^^mtiitm.m2 5 a 

A<JgfiE^EnTti-5. tpPBll6i&M2 5 aO±iBS:8^SL 
(■7-1-'^) 3 1 di^EE^nXI.^^. -^ft.m^ih) 
W&Wi 1 0 t'lCttV— X • H U"f >i£»e 1 3 

nxvi-S). cn(cj;o=j> KD-;py- h 3 1 1. ¥^ 
<^s«i otf>w?^^^;i'jgpK®^tcor4ic^afe^icaa 

^En;t7 P— >yy- h 3 0 b SrWT^mj^^* h 
7>>^X^'«-«^-r*. *h7>vX^«NANDlUC 

[0 0 1 1 ] ilBONANDT. h'J > <r>--^ (Ommz 

ij, 0ij^f4^tu-b;ncfeit<&zi> hp— h 3 1 

a*?H5>->'7,^'*J.i;y^NAND7. h U > 



(25) 



«^PB¥1 1 -2 6 1 0 3 8 



2 8tCttS*ih7>i^7.5'©KU"r>5£tit^l 3* ICS 
hi»3 SJC^^LTlr^*. Sfc, ±K®NAND;^h 

- [0 0 12] ±l2<^>#^{*^»^ttlSttSglr*5ViT, 

0 9. (a) jw^-r«fcpiw. 

t$-5 hk>5'l^^»@l (SA-STI) jiT-^fl£^n;t 
aj. (a) ic^-rj;e»»i. s^T-^J^SI 
i^ii^lK 2 4a P-7"W >iff— )- 3 0 b (DR 

JlCD^^i^^•J:OT:^&©fiB^:>ioT^i■&ODT. :70 — 
y/fff~ h 3 0 b Jc^*iRj-r-5:3 > h n-;uy- h 3 l o 

[0 0 13] ±iEtfcSA-ST I •fe;i'^s6Bt5='lf-f > 
JW— ;KDS/MJDX^ffi (Minimum Feature Size) FTI2 
^•t^t.. ±^LfcS A-ST I -ir;!'©^^ 'j-t;i'roffi 
ttZfJ, (a) lc;^-rj:-5ir. SiiM^^tg/hEttT 
Z = 4 F2 T?iati--C^-5. tiEoT, SA-STI 
■b;U«3g£fflt^. $6»-iS»«fl;ICWI«JJiNANDS!<0 

©[^•iijbD^-B-T, dCD^^ U-tJPSe^^cOffilSSritJraS-ti- 
coffiffltcttei bT^«-e€ ^astc-r ^ d td^T 

h(0«JE»cM#,-r-5, 7D-5^-f >i?'y- hi:a> ha 

[0 0 15] CC-C. ±aiU;t«fi£(D, S A-ST I -t 
;WS'ffll»fcNANDS!7 5-v->3.:>l-t'JTfe«>. 
T»^ttSeit^fi®Sifi::^a€:, m O j3j:l/^l 1 ^ 

^BgLTift^^r-s. ST. a 1 0 (a) »c^rj;-5ic. 

N A N D S{ 7 7 y -> a. P< ^: U / 'J -t ;USP <t S ia [HlK 

gB«i i ^ 5J sir -5 * o p i jsJc $ nx C» 



□ -T^-^ y^f- hSiMOS h7>v7.^'roh>^;Ht6 
^^T-fe-5.'ir*-l-iffeM^K2 O^JgfSr^). 09;^ 
tf«)ECVD (CJiemical Vapor Deposition ) ffi^tCJ; 

-x-<>i^y-)-fflS3 0$:Jgfi£L. S e{w-€-CD±®fr 

1 ©*fei^K 2 1 SrJgrit-r «). 
[0 0 16] ;^;tZ, 1 0 (b) iCS^-r J:-5tC, 7* h 
•J Vi^7 7-<aii^ffil'>T, ^1<D^^«2 l/7n- 

>i^y- )-fflH 3 0 /y- hi^s^R 2 0 sA^'-ri 

>i^bT. 3^T»Bf M^rom 1 ©*6gi]S 2 l/7n-T- 
-<>i^y-hfflJi3 0/y-h«fii&M2 OSrl^^L. ^ 
t»T/t5'-::i>i^Sn;tSlCDl6»R2 1 a/^n-T^ 
^>i/y-hfflS3 0 a/-y-HeSR2 0 aSrVXi' 
tux, ^t'^^^Sffil OgffiSrX-v^'^i^L. M^>^ 

ro.SgiSnsSrff l^tiXy- hiiife^R2 0 a<73X>y>>Sr 
rtiltCK{t->'JP>*^S;^t-5^^i^g|ffljiaaRl 2S: 

aA^*fflV>, fi«l7Ltf3pD> (B) -f :j->S:-f:i->aA 
UX, 5!I^^JI5lffl«T<Dj£B5JC5^-v^;Ha±Jg 1 l^Jg 

[0017] )lK.\z. B l 0 ( c ) ICS^TJ; 5> «c, 
«llCVD^«?tc:J:0. SglOitelSR2 l a, 7n-7^ 
^>^f-VmmZ 0 a$:ttSLXI^^^fiiffl«T^ffi 

^^)ii^x±®^cs^^kv•Jp>SJt«s■li■x, 

S2 4*Ji^fiK-r2.. 
[0 0 18] :^tc. BJLL (d) tr^p-r.i:-5»c, 
RIE (SfSlt'f :t>x-;/^>i/) ts.d<r>JLy=}->^\Z 
J;0, Ig^^^gffflg2 4C0affi<4S*t, ^D-x-Oi^ 
y-l-fflJH3 0 a(?DRJ9©i^5^eSCD^a[at/J:«>$X, 
^^5^@lfflB 2 4.^1 <r>m.tskm 2 1 a *5 J;l/7 d-t^ 

gkR2 4 a$:fgfiE-r«». COX-;/g^>yjw*5V»X, 7P 
hfflB3 0 a(Dfi!l®©-gS43j:l/±®ro 
S®*<^tllf -5). i>:lc. 0 1 1 (e) H^-rJ;5lc, 7 
u-7-'< yCff- hfflg 3 0 a C0SaiL;'5:«ffiS:»ab 
XONOR (S^fbR-^fkiS-^^tROffifBit&M^R) 

d*. 7* h'J Vi/'7 7-f a^B^rffltiX, SA-STI-lr 

1=PBl*ei^R<75±t5S:aESbX, fiaiAtf^ U ->'J n >*^e. 
fj:-5Tffii3> hD-;py- h 3 1 a*3j;i;^'>y;^5^> 
->U-tt-f \^<D±mzi>Va—)V^—V 3 1 b*^e>/i-55p 
'J-y--f H«jiOD:3>l-n-jpy-h (^-HiS) 3 1 «r 



(26) 
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i/U. /1^'->ttlX$n/i7 0— >i^-5r- h 3 0 b 
CO 0 1 9] -f-COSfi. S«?MOS h7>i?:^:?g5«)y 

feJC J: 0 N A N D S 7 7 «y -> 3. ^ 'J jaisI»»©M 
- OS h5>v^;^^^J^J^L'> Se.tCWA«CVD^tCJ: 

h^t-^PBCCDgSD, 3 4*5J;lXf-:/ hi® 

K0BPHS«^fi£#S:fT-3T, 09. (a) (C^-rj;p^S 
A- ST I -feJPi&fflVi^tNANDa^^-^i^ipl^ 'J t 
f'S. 09. (a) ■1', 1 (e) lC^bT*^>3^^5^ 

[0 0 2 0] 

SA-ST I-t;i'«ji«-WrS7D— r-f >i^y- KM 
[0 0 2 11 ± gBg?¥^<i^^}f%ttEB1gSSg?i;JU«l)i 

_i0_0_2_2j_^Sie^it*«i£:-JlfilCitbTlifiti«^. 

JElElKro jl8[<Die:»C «:« < OTgH <D!i5««<k*iB8 <!: 

[0 0 2 3] ±ie¥fli&%«UT/J:Snfcfc 
«f«^bHiib/tS A-ST I ir^WSifflOifc^ii^^^^W^! 
[0 0 2 4] 



_L0.02_5J_±KO*:5!?q®#^#^»|gttE1t^lS 

v-;:^ • vv^ym.^tiE\zm^tim.m.^'mi!ar^t. 
yjOv-- y^uhvvf AS! 7d 

>yy-h*^6*^{*»«'NS?^dtS!jaisn^o CCD 
[0 0 2 6] ±gBo¥igtf^gjeagBt&^aa. sa- 

ST IffitCJ:oT3il^»RI*fi»K*^}g^SnT*iO. L 

O C O S IS?5^li«6i»Klc J:.5l!5T^^gl<t 0 fe-tr;Uffi8[ 

$e.»c7D-5^-f >yy-h*<, i>;^<<!:'b**[fi]-r*2 

p^oSWiStri, ;§«ffl{tL/ti|i«<*:T:»IE14JB«SBS:S 
_i0.01XL-tlB©*^?^«¥»i*^^}ff!ttSB»SB 
|g^$nTJgJ5£SnTl»-5. NANDS^tfW^^ 'J K 

^ > v?;^ ^' it JiJ ic t« igl $ n/i #ai*^^»^t4 IB 



(27) 



RPg^P 1 1 -2 6 1 0 3 8 



C 0 0 2 8 1 ±tBO:^%gqCT^Stf ^»%1iggti.SB 
f 0 0 2 91 ^fc. ±IB©gMS^fiE-r-&fc«e)»C. *58 

C 0 0 3 0 ] ±fBgi:»%^(0¥igtf ^}f%ttlB1SSEg) 

yu-T-^^if^-h^T^^V. f^iyo-7-^ yif^' 

sipjr-sfflBPiiciitiTgjiBm 1 ^D-x^- >d^y- h 
tnti0L-ri> 1 «om 2 7 D-7--< >i^y- )- €r)^fi£-r 
■5. ^iw. Ml 7D— >i^y- hfc±i;ii2 7P- 
[0 0 3 1 ] ±8Bg):^ie^(D#^tf T}f%ttaBti.Sgg) 
Siji:5ffitCJ:ntf. mi 7P-x-f >yy-h<i:, Ml 

7 D-x>< >i/y- ho^*i6]-r«)«6gf±(r*5HTM 1 y 

a-y-^ >5^y- ht^^r^) l«coM2 7P-x-f > 
iiE*0DjgttO7P— r-Oi^y- hJ;t)t)P>hP-;u 
> hp-;py- ht^p-T^-r >i/y- hw#«$£^it 



[0 0 3 2] ±E(D3i^%IBg?¥gtf^}S%<ifB«^BO 

xgji^ fi^IlB^^»Slffl«^a^e)i^.^T^s^c^6^^^^r 
m^-r^xmiz^ 'pfj-Kthmzm'T-^mmmoip^mz 

JI«)ji*nfcK»?&SUT WSBt6Sfl:<&»i6r *xs t 
^■ttJ. cntCckO. SA-ST I ^ICJ:^ hU>^2! 

_L00_3_3j_±IBW*^BJ(O4^^^*^lf^14IBttgBcD 
SSig^^ffili. j?fjStC«. fltlBMl 7P-7"-<>i^y- h 
SrJB^-r^XliO^. gtitBj|s^5^g|iteiiK^Jgfi£T^X 

eomic. mEmiya-^^ yify-hoi^miz-^T. 

i7Sim0iir^xm^^nzmL. tis^m^^mmmm 

$J^fiET^.X§(c43liT»i. fi3IBvxi7®*jJ;u:SJIBm 
1 7P-xw>yy- hTg5i4afci!iJgttgJriB*Ti>lil 

ffl8l5r^ga{*T-S^^)}^^^T. mIIBV7>i7M<>:aS|5|-©igJ 

llf^giK!&jefiE-r^xacD^. fl5IBM2 7P-x-<>y 

y-h*?Kfi!s-r«)Xg©fii)tc. tuRmiya-y^^ >if 

y- h*5j:T/tt(IB^^^^IIti^^K(c*f LTX-y?>ys 

s?jt 4*-r 5. X > i/'tc J; t) taia V 7. i7 ^ 

Xg*Se.JC*L, SaiBM2 7P-7^^>ii^y-h«:Jg 
BK-r-SXgJCiJliTtt. WfB*^»ii*e^^G5ffi'JI£ffi<i: 
MfBMl 7P-X-1' >i/y- hcD±HT}^fiE$n^IH]ge 
$rS!<i:L.T. *triBG2gB©fi3Mg5lcM 2 7 P-x-<>i^y 
- ::nicj;0, miya-y^^ >{fy- 

ht. ml7D-7^^>tyy-ho^^|^i]•r^^ag?±^c^5 
t»TM 1 7 p-x-f >^^y- h tmmr^ i «©m 2 7 
p-x-f >ify- h t*^e.nc-5 7P-7^-< >yy- 

fc jgfiK-r c: t *i Bfggi Tit 

j0_0_3_4j_±IB<7D*%BjCr)#ag<*^»^ttlB«gg<D 

S:j^fi)c-r«>xg*^ t!i^m'F^mmmm<Dm^mtmti 

W. 1 7P-x-< >;5'y- h©±®TJBfi£^En^>DaS5l*g® 
^1lKSLT±®{cm2 7P— ?^-< >yy-hffl®«rJg]5K 
-r-SXSi, «a8B[agf5ro<IKIIg®*«B|-r-2)gB^J-*SLT 
S5BeM2 7P-7^-< >yy- hffl^^rl^i-r^IgtSr 
■&tr. CtalCiO. ^T5J)lf*6i^l^©{i!lM®<!:M 1 7P 

z.<r>mm>(Dm^m\z, f^\ya-7-^>tf¥-V<Dti^ 

■r^i«sc±»c*3ViTMi 7P— >ify-v-t^^mt 
■& 1 j^coM 2 7 p-7"^ >iff- h ^m^T^ ctfi^x 

[0 0 3 51 ±s.o^^m<o^m»^m^mz^^m.(D 



(28) 



«ia¥ 1 1 -2 6 1 0 3 8 



mz. Wiizm 1 i5<i:zfm 2 y n-T' ^ > if y-hizni^ 

[0 0 3 6] ±.m<D-^^m<D^mw^»^'&t^^m^<r) 

i'MtBSig-<DiS5$©SSS:Wr-5)«fc5JCS A - S T I 
IT*. 

[0 0 3 71 ±gBg>:^%B^g?¥^<l^^g^fi§51t^gg? 

mom, mi^mi'^mii&mm'Srmss.-r^xmcowiiz, m 

[0 0 3 83 

_L00_3_LL**iK^^^«2_SA-ST I-t;USrfflti^ 
N A N DM 7 5 y ->a. * U TS. -5 ^Ji«#T»^14IBlg 

□-^py- KCGopfldaBcDStE't'icnv— ;^ • ku'T 
Gt¥^{**fii o*o^i'^-;i'}gfi£s^«rBHcieiSig 

{cSa3nfc7 0— >>/y- hFG*W-r-6«5fa 



itJiJicS^^n. NANDJiJSr^fiKUTliS. NAND 
lit'-;/ hlStCSiitUTI/i^. NANDyiJ(D-:^<D)SSB{C 

0, ■5-©y-:^i£«)S»4y-;^«is»c«MUTv»-s. 

[0 0 4 0] mi (a) <75iF®SIC^-r¥^#:^»»tt 
SBiSSSro^ffilHlKSSriai (b) IC^r. ;>l^'Jh7 
(MTla. MT2a. MTSa. •••)*« 
ifi^iJlCfe^^EnXNANDJlJS-SlfiEb. ^NANDJiJro 
-:^(73^gPir«, SISNANDJiJS:S«?-rSfeJ6«aJ? 
MOS h7>v7.^'STa*<J^fiJi$nT:teO. -eo H U 
-r >J£«jBttk*-> h=i>^i' hBCa&:^>-UTt*-y h« 
BL aJCfel^tTti-5. NANDJijOte^OiSSCtCfcH 

IciSaUTVJ*. f<v »-$8BL aJ:ttg*?MOS h9> 

Tla' ;S:a:;{i»e«fi)c3n-5SiJONANDJiJ=bgi^LT 
t»«>. ^^UI-7>i?X^ (MTlb. MT2 

b. MT3b. • • •) 'bSfciS^JJC^^^nTNAN 
D?iJ$:«fi£L. *NANDJijO-;^<DSSgPJCtt, S^N 
AND?iJ^SJ?-r^fcSi)a)S*?MOS h^^vT.^'ST 
b^iJ^fiKSnxisO. -t© H W>l£«iJittf-> ha> 
^-i^ KBCb$-:?hUTt:*';/ h^BL bJC^i^^n. NA 

N D w wi:^ w jsgp ic s tiT 0^ b V ^as? M O S 

_LOO_4JJ_±gB©¥3l»::^»^ttlB1tSS<D0i. 
(a) ^<ni^-P.' {w^Stt-S^iffiSS-iaj. (a) fC. B 
-B' IC*3it*»r®0«0 2. (b) JCS^r. 0 2. (a) 

\Z7hri:.o\Z. hL'>5^M©^^»g|iffii»^2 4 atCj; 

'jn>*^e>/i^7o-x^ >^f— has a*ij&fi£$n 

^:r.T. 7a-5^-<' >i^y— h 3 3 a«, 
< t t)«|6]-r«) 2 ^<^SgSS*t. SK«8B5R!]J;D'b«<)g 

6E$n/5:}gtti:7^toTV>-5, $ ^> JC7 d-t^^- >>?'y- 
h 3 3 aCD±e{C«HJ^«ONOK - S<tl^ - S 

nxu-s. tfrB^sfe^^2 5 a<^±ffi^at?ibx, tajAfi 

5)^U->'ja>Aie./j:^3> hD-;uy- h (y- Hl^) 
3 i*<jgfiESnxv»^. S2. (b) Jc^rJ;^ . 
tc, 3 > ba-)iy- h 3 1 roMffl!IB5ro¥«ftaffi 1 0 

c:mrJ:f9rj>hD-Jl'y-h3 it. ^l^^ffSfil 0 

'p<D^^^jvm&mm.t<Drjinzi&»miz^mnftya 

-7-^ >iff- h 3 0 b«::&-r*«5!^35ft«h7>v';^^ 



(29) 
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^«lfi£-r-5. =&h7>v'7.^tiNANDS»ClE?iJ«iK$ 
[0 0 4 2} ±gag?NAND7. h <J >if<D-:Jj<DS&mz 

«, IRIAtf^^ 'J-fe;Hcistt*n> hD-;uy— h 3 i 
SnTl^i-S. 5M«? h7>>'X^'*5j;l/NAND7. h- "J > 

y hi^S 5(CS8!L.Tl»5.. ^fc. ±l2cONAND7.h 
ij >if(Dm:^(OiS,WZ^t. S^L/JV^S^ h7>>'7.:J' 

[0 0 4 31 ±IBg3^g(»^lflg<tg5ti^BlCfe(r>T. 
0 2. (a) i::a^-rJ:^lc. m^^mi^mi'^^^Jl'm:^ 

KD-S h U'>f'^^»iai (SA-STI) teTJgfit^Enfc 
fccDTifeO. ICS U/i#liitfj:oT * 

fc, 7D-5^^'>i/y-h3 3 a*<, 'Ptj.<th^if^-r 

io. 'J•t;^s«[^:«l/Mt^Tt>a>^□-;^y- 
[0 0 4 4] ^fe. U »-7>v'X^*«ffi»<@it?'J 
ibfC*fiJT*0. U-fe;KD®|SSrltlHI$1i-T, COD 

pit 'J-t;i'fiP^>coE«S:«SnS-ti-n«. f-yhiSltoa 

[0 0 4 51 ±IBg)^^f»^>f%ftiB1fe^gg)gi6:fra 
Ct?l»T, Hi (a) tfWA-A' IC*}tt-5»fM{;:-?-3 
Tltt?gr-5. ^-r. S3, (a) twS^-TiolC. NAND 
5 -y -> ^ U <Opi t 'J -t JPg6<t^>aiHl!SgB^ <*: * 

m-r -6 P X Jgfi£ S tlT ^ 



-hSIMOS h7>v'X5'W h>^;^$e^^i-r'5y- 
hitei»^2 0^KJ¥iii^ 1 0 nmSSJ^fi^-r-S. ^<Dm. 
fisj^tfCVDfeHICiO. ^JSiKJ3 0~ 1 0 0 nmgS 

ffiS3 0Sr}^fi£L. 'Aizm^HiCVDmrniZ^nX^it 
->'J=i>^K*Ki5[iKll 0 0-3 0 0 nmgSfC^fgS 
•^T.pmZ 7 i:m0i.-r^. V>^i7S2 7 

tLTli. 7D-x^- h«lEKD7piJ->'J:3>fe 

[0 0 4 61 'AiZ, 0 3. (b) IC5^-rj;-5JC. 7*hU 

^T^^^^g|®^c9^7.i'g2 7D-x^>i^ 
f-vmm3o^^-.^\^. SA-ST I -t;K73^^^s 

^a5V7.i7ji2 7 a <i:^l ^D-x^- hfflS 

3 0 a^jgfiJt-r?). :ic:t. gfl;->U3>©-7;;^i/)i2 

3 >om 1 y n-7^-f hfflg 3 0 «S£5l5WJ; 0 

2 7 1 7 a-x^" >i/y- Hffl^ 3 0 wy'?^'- 
x>i/B#ic. ^^^Riffi^w^i :7P— x-i" ^i/'y- h 
mmz 0T<D»viy-hiife&K2 o*«x«;/^>d;'$nfc 

[0 0 4 71 0 3. (c) Jc5^-rJ;:5Jc. ±IB®U 

i^T, hRR-7;^i7i:LT, fi^Atf E C R^^X^Xy 5^ 

>i^/j:i:lCiO. ^^5JgiJia<oy-h^^K2 0*5J: 
^X*^*t^»«l 0<OX>>f^>y<£fTL^ ^^5^BI^«T 
^JB^-r^>. dot*. ^IST^T5^g|ffl«T€:*6» 

m7—jmi;k\zm^t^^tfim^\^^^> 

[0 0 4 81 'A\Z. 0 4. (d) \Z^.-r^O\Z. UvXh 
KR^&i!BIU, 0 4. (e) »c^-rj;3»Cv K^-fXy^ 

Rtffl « T SiB tc S?*Kfl:KT * * 31?^^^ Biffl «a aUS 
JS. 0-3 0 nmliSi-r-&C<i:*i-C^-6*s. 

-^%m.^'>ts.<-r^ft^\z\i. x-^^tz^-immz^m. 

1 7P-x-f >i^ir-- Kffl@3 0 aCDffl!lilgefcSE<bSn 
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> (B) ■i:t>^-i:t>&xLT. m'f-^mmm<Dm^ 
ro 0 4 9] 'A\z. m± (f) ir^TJc'SJc. m?ni, 

0 0 nmgS©SEft;->Un>K (TEOSI^) ^JtJS 
3 0 arp^^^^»8i^^2 4T-ffi*iitJ. ^fS-T-S^^ 

St T €r ^ n«) OT+5^;5tlg;p*<igJS-Cfe * . 
f 0 0 5 0 3 0A (g) JtS^-TJc^lc. 
Xi'Ma 7 aS:X h'^ntr-SCMP (Chemical Mecha 
nical Polisliing ) ^CJ: OSI^i^WfflH 2 4 Sr±ffi*^ 
eWSU. V7.^'®2 7 a tUSI^-COiiSSCDSESr^-r 
-5>^^i>gt*eSK2 4 bi&JgfiX-r^. X-y5^7N*-;/^trJ; 
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M <!: Tic. fcl^,«TX 5^>y Srfp±-r * J: -3 irWfi-r 
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I&mm2 4 b*3J;y:Ml 7n-7"-< >i^y-f-ffl^3 0 
a IC^t'T'S -77.^7 12 7 aCDX-;/?>i/iMmSr<i:-5C 
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iff- VmmZ 0 aCO±HTJBfiE$n'5IH]a5^8f?ibT 
±ffi{cit«$ii-, W.2yu-7->( y iff -hmmz 2^ 

CO 0 5 33 ^tw, 12 6. ( j ) {c5^-rj;plc. R I E;i 
i-CDX>;/5^>i/lCJ;0^T^lli*fegiW2 4 bOWJMBi 
S 1 7D— 5^^ >t/y- hffl® 3 0 a©±STJ^fiE$tl 
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T, mi 7D— r-<>i^y-)^ffl^3 0 cco?*|n]-r-5Sg 

mrt^\n<nf^2ya-y'^ >iff-vmmz 2 a^jg 

fi£r-5C:i*«T-#-5. mi 7D-7"-('>ify-hfflg3 

0-7^^>ify-l-ffl/i3 3tT4. ±f5©X-y^>i^ 
{cisiriTIJ. i^<DW,2ya-7-^ yiff-hmmz 2 
aOH08S^^tc43tiTmi 7D— r-f >i^y- h-ffle3 
0 c ^%±\ZJiv ^>if\^X*f- hi^»K2 0 a*Sai 
S-e-ntVi J: -5 ICX-;/9^>i^^fe#«:JBSTS£»S*«3b-5. 
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2 a <Dm^<D^<omt x^ft^'i-iiuti^m.m 2 4 b ^ ±® 

*^ 6 X y 5^ > L,T« t5*«Tlf & tlfcjR^»f8l*6»ffi 2 

4 a i: L. ^ 2 7 0-7=" .i" >^¥— VZ2a <Df\mM^ 

>yy-h3 2 a©neffiSB»t>7 0-x^ 
)- 1 a > h D-;uy- )-co^Sig^ttJctF-^-r-5«®« 

fo 0 5 5] 0 6. (1) t^-ri^Jc, 7D-5^ 

5i-r*. >f fBlif6gilK2 5©±®*«SUT, 011 

»i , <£StaYb * Jc jf? U -> U a > i > 5^ 7> X > -> U 
•y-f K®a)i«ift7ii:©>J?Ul*-f H«tifi<»:-r-5J:<!:'bT 

^^>. d^T. n>hD-;i-y-h3 Icom/liUT 

JjO_0_5_6_L^^f-. 3> ha-;i/-ir*- h 3 1 $•■77.^57 3 

1 tUT7D-x^ hmms 3 nj^z/^'i'mi&m 
m2 S'tJLy^^ifvx. ->iai:^ titty D-y" 
-i yiff- h 3 3 z^^u^f^^imm2 5 atr^. -5- 

NDS!77-;/->a/^:UC0^2!IeIgSgi5(0MOS h7>v= 

CD K U-Y >i£^g 1 3 • \ZWt^^>9p Virs-)\,^Q. 
WMO. «J6)iii».mS3 4i3j;i;b'y hi^S 5;ii:CDi2 

)5K^$:ff-pT, ^2.tC^-r<k-5;^tS A- ST I -tJl/Srffl 
l.ifeNANDSi7 7>>->JL;><.^:iJ fT-S. 
_100_57_L±tBO*:*igff^Sg©i|^^«:^»%ttl2<S^ 

1 7D-x-< ^i^y- )>i»i^-r 1 3t*wm2 7D-7^ 
^ >i^y- )-<h*^e7D-7^-f >yy- Y^w^-t^(r> 

•fr, :2>ha-jVf-htya-9-^>i^y-h(D^m 
i:mz\^X&m&T^it^Zizi)if3.<, »fP« 
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f 0 0 5 8] SJL±, ^^m^mmmizj^oisimLti 

ji<DgH^€::l?'J->'Jr3>t^'>i?';^T->->'J-9-'f K (W 
. S i2) Mt«Cj;^:i<'J-y-f Hlgi:LTUi§gLfc*i. 
U ->'Ja>R<^;!»-T'b, X:PU>"j3>^<i:, MoSi 

2 K. c o s 1 2 K. T I s i 2 mm<Disim,^^m->v 

SllSJgSHC 43 V »T « N A N D 2!« iKii{*:^}f 
gJCOt»TIR§qUTV>5*«. NANDa!(ClS6.-r. NO 

[0 0 5 9) 

it\zmvtzs A- ST i±)i'i:m^^it^^mi^^mft^ik^ 

[0 0 6 0] ^fc. *l?§goSA-ST 
±LT. Bi5»fflfblC3SbfcSA-ST I -tJ^5:ffl^^fc^|£ 

mi] mi (a) «*^Bjro^i£jg^.(C*^75>^^it# 
^}f^ttie»^SO¥®0T*O. Si (b) n^-on 
{iffilEl!g@T%%. 

[13 2] m2 (a) fiSj. (a) <DA-A' lC*5lt^»f 
SiaT*0, 0 2. (b) (a) tCB-B' lC*5lt 

[B 3 ] ia 3 ia2^^Bj(D||iS^^.(c»;&^-5¥^^^}g% 

(a) «V7.i'gS-^fiK-r-2.ia*T. (b)l*»17 

(d) ttU-:^:;?. KM^I^SrsiSST. (e) tt*^- 

^mmmwimm^i&0S.T^jim^i^. (f) «3S^5JBi 
ffl e ^ jggs-r IS ^ T * s^f . 

(g) ti3itT»siiteaK*}gj«-r-5iii*T. (h) n 



(j) ji^a^p-T'-oi^y-hfflss^iinx-r-sxa 
ST. (k) \im'f-^mmmm(Dmm'S:i&mitt-&ix 

gS-C. (1) lia>hP-;J'y-)-€rJgJ5)c-r-5Xg* 

Saw^EETfeO. HJL (b) ti-tco^iBlHlSSST?*) 

_M9J_0 9. (a) (a) <DA-A' izHH^m 

lB0T^O. (b) liias. (a) <DB-B' iZiii-f 

IE1tgB©^jg:&ft®iS!iiXli$r5^-r^®0T* 0 , 
(a) 1i^lcD^SKSr}gfiE-r-5XeST. (b) «^ 

^*;na±B*)^fiE-r«>x8*-c. (c) iti^^^mm 

^ * J^fiS T -5 X e S -C S: ^ T . 

[^1 1 ] 1 (Aiai og)M^oxa^a^f tRsa-r 
feo, (d) «jii^^jsti^»R^jg)atr*xa*T. 

(e) f4a> hP-;wy- hS:JgJ5K-r«>xe*T«^* 

r. 

^^BlfflPSSK. 13. 1 3 • -V-;?, • Kl-'f >S£» 
B. 2 0, 2 0 a--^-*- h*6iiiM, 2.4 -^^^^Rtffl 

ji. 2 4 a-m'F^mii&mm., 25. 2 5 a - 'i'^^«eig^ 

2 7. 2 7 a-V7.i7^. 2 8 •••BPBl^giR. 3 
0. 3 0a. 3 0c -- (^1) ya-T-'Oif^-hm 
m. 3 0b- (mi) yn-v^>(>ifY-Y-. 3 1a- 
Tflil3>hp-;uy-h, 3 1 b-±«a> hp-;wy 
-h. 3 l --zi>ha-)[^y—h, 3 2. 3 2 a -m2 
7D-x.f >i^y-)-fflB. 3 3-ya-7^^ >ifif— 

hmm. 3 3 Si • yu— 7- -< > iff- 3 4-a«e)3i 

^miS, 3 5-b*-:/ h-igl, T- -^^^^giffl«, FG-:? 
P-5^-C>i^y-h. CG -P>KP-;i'y-h, SD 
•-V-X • KI^-fxSfitfcB, SG --S«dr-h. TI- 

BLa, BLb -t'-yh^. S. S a. Sb -V— ;^ 
C¥gg1SiE3] 

[^lE^^^s^] ±m 
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